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ABSTRACT

Available infonnation was assembled concerning estimated escapements, harvests, and age composition
of fall chum salmon Oncorhynchus kela returning to the Yukon River drainage in Alaska during the years
1974-1999. This mfonnatlon was used to reconstruct annual runs of fall chum salmon to the Tanana
River. the Upper Yukon River tributaries (Chandalar. Fishing Branch, and Sheenjek Rivers). and the
Upper Yukon River mainstem (the stocks enumcrnled at the U.S.lCanada border and spawning upstream
of the border). Brood tables consisting of estimated escapements and resultant age-specific recruits for
the 1974 - 1995 brood years were developed for these stocks. These data were subsequently used to
estimate spa\vner-recruit relationships based upon the estimated escapements of salmon to the Tanana
River, Upper Yukon tributaries, and the Upper Yukon River mainstem during the years 1974-1995 and
recnlits resulting from these escapements 3, 4, 5 and Gyears later. These spawneHeeruit relationships
were used to estimate the number of spawners that would, on average, provide for ma:<imum sustained
yield of this stock of chum salmon in fisheries that ure believed to harvest this stock. Based upon the
spawner-recruit relationships developed in this report. it is recommended that the following biological
escapement goals be formally adopted by the Alaska Depamnent of Fish and Game.

Drainage-wIde Yukon River fall chum salmon: 300.000 to 600,000 total spawners per year.

Tanana River fall chum salmon: 61,000 to 136.000 total spawners per year, as estimated by the sum of the
Upper Tanana River escapement based on a mark-recapture project and the Toklat River survey
counts.

Delta River fall chum salmon: 6,000 to 13,000 total spawners per year.

Toklat River fall chum salmon: 15.000 to 33,000 total spawners per year.

Upper Yukon River trIbutary fall chum salmon: 152,000 to 312,000 total spawners per year, as estimated
by the sum of the Chandalar and Sheenjek River sonar counts and the Fishing Branch River Weir
count.

Chandalar River fall chum salmon: 74,000 to 152,000 total spawners per year.

Sheenjek River fall chum salmon: 50,000 to 104,000 total spawners per year.

Fishing Bmnch River fall chum salmon: 27,000 to 56,000 total spawners per year. However, the
U.S.lCanada Joint Technical Committee (JTC) has set the BEG mnge at 50.000 ­
120,000 fall chum salmon. Any changes (0 this BEG must be completed by the
U.S.lCanada rrc,

Upper Yukon River m.:unstem fall chum salmon: 60,000 to 129,000 total spawners per year. However. the
U.SJCanada JOint Technical Committee (JTC) has set the BEG range at >80.000 fall chum
salmon. Any changes to this BEG must be completed by the U. JCanada rrc.

KEY \VOROS: chum salmon, Oncorhynchus keta, Yukon River, commercial-related. brood table.
biological c=scapc=ment goal. maximum sustained yield. spawner·rccruit relationshIp



Il"iTRODUCfION

The Yukon River is the largest nver in Alaska, draining approximately 35 percent of the state, and IS the
fifth largest drainage in anh America. The river originates in British Columbia, Canada, within 30
miles of the Gulf of Alaska and flows over 2,300 miles to its mouth on the Bering Sea. draining an area of
approximately 330,000 square miles. With the possible exception of a few fish taken near the mouth or
adjacent coastal villages, only salmon of Yukon River origin are harvested in the Yukon River.

The chum salmon run to the Yukon River is made up of an early (summer chum salmon) and a late run
(fall chum salmon). The summer chum salmon run is characterized by: early run timing (entry to the
River occurs early-June to mid·July at the mouth), rapid matunltion in freshwater, smaller size (average
weight is 6-7 pounds), and larger population sizes. Summer chum salmon spawn primarily in the
tributaries 10 the lower 500 miles of the Yukon River and in the Tanana River. The Yukon River fall
chum salmon run is characterized by: late run timing (entry to the mouth occurs mid·July to early­
September), robust body shape, larger size (avernge weight is 7-8 pounds) and smaller population SIZCS.

Fall chum salmon spa\V1l in the upper portion of the drainage in streams, which are spring-fed, usually
remaining ice-free during the winter. Major fall chum salmon spawning areas include the Tanana,
Chandalar, and Porcupine River systems, and various streams in the Yukon Territory, Canada. including
the mainstem Yukon River. The Yukon summer and fall chum salmon runs are genetically distinct (Seeb
and Crane 1999) and fisheries targeting these runs are managed separately.

Commercial salmon fishing occurs along the entire 1,200-mile length of the mainstem Yukon River in
Alaska and the lower 225 miles of the Tanana River. The commercial fishing areas are divided into six
districts and ten subdistricts for management and regulatory purposes (Figure I). The present district
boundaries were originally established in 1961 and redefined in 1962, 1974 1978, and 1996 (Bergstrom ct
al. 1999). The Coastal District was established in 1994 and is only opened to subsistence fishing. The
Lower Yukon Area (DIStricts I, 2 and 3) includes coastal waters of the delta and that portion of the
Yukon River drainage from the mouth to Old Paradise Village, river mile 301. The Upper Yukon Area
(Districts 4, 5 and 6) includes that portion of the drainage upstream from Old Paradise Village to the
U.$.fCanada border.

The first recorded commercial salmon harvests in the Yukon River occurred in 1918. Relatively large
harvests of Yukon River fall chum salmon occurred from 1919 101921. The early commercial fisheries in
the Yukon River were controversial due 10 the large subsistence utilization. Commercial fisheries were
restricted after 1925, although sporadic harvest of fall chum salmon occurred in the Yukon River prior to
statehood (Bergstrom et al. 1999). The commercial fishery for fall chum salmon was established in 1961.
Commercial harvests of Yukon River fall chum salmon increased dunng the late-1970s due to the
increased efficiency of commercial fishennen and above average runs. CommerCial salmon harvests have
declmed slllce the late-1980s bet:ause of commercial fishery restrictlons Imposed In response to concerns
for possible over-fishing and lower than average runs.

Subsistence fishing occurs throughout most oflhe Yukon Area. llistorically, subsistence salmon harvests
were very large and continued to be a large portion of the utilizalion after the establishment of
commercial fisheries.

The Alaska Department of J7ish and Game (ADF&G) has managed Ihe fall chum salmon fisheries in the
Yukon RIver over the past jew decades with the dual goal of maintalnlOg important fisheries willIe at the
same time achicving desired escapements. Escapement objectives for five Yukon River fall chum salmon
populatlons have been 10 effect over the past 20 ycars. Long tenn mOllltoring of Yukon RIver fall chum
salmon escapements occur In the Toklat River (aerial and foot survey counts expanded based on stream
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residence time estimated for the Delta River), the Delta River (aerial and foot survey counts expanded
based on stream residence), the Sheenjek River (aerial survey and sonar count), the Fishing Branch River
(aerial survey and weir count), and in the mainstem Yukon River at the U.S.lCanada Border (estimate of
passage at the border less upstream harvests based on annual Canadian Department of Fisheries and
Oceans (DFO) mark-recapture project). Escapement goals currently exist for these five components of
the Yukon fall chum salmon run.

Buklis (1993) provides the following narrative concerning the historical background for the various
escapement goals that ADF&G used for the Yukon River fall chum salmon stocks through the year 1992:

Toklat River

"A fall chum salmol/ escapement goal of 40.000 aerial survey counts was proposed for the
Toklat River ill 1979. In 1981, a range 0/30,500 to 75,000 was proposed. [n April 1982, a
goal of40,000 was proposed for the upper 10klat River index area. In 1984, a goal of 69,000
for the perceived high abundallce cyc/eyears (1971.1975,1979, etc), and a goal of22,000for
low abul/c/ance years was establishedfor the index area (ADF&G 1984). The goal was revised
to 44,000 for all years ill the cycle ill November 1985, and was a population goal based 011

expanded aerial survey counts (ADF&G 1985). A comprehensive review of escapement (lata
for the Toklat River was made in November 1986. A revised population escapement goal of33,
000 was established based UpOIl a trimmed average of escapements for 1974-1985, excluding
the two high alld two low years. "

Delta River

"A fit/I chI/ill escapement goal of 7,000 aerial survey COUlIts was proposed for the Delta River
ill 1979. [11 1981. all aerial survey escapement goal range of4, 500 to 11,000 was proposed. f/1

April 1982, a goal of 8.000 was proposed. fll April 1984, all escapement goal oj 7,900 was
established for the Delta River (ADF&G 1984). In 1985, a goal of I5.800 was established, and
was a populatioll goal based lipan expanded aerial survey COlilltS (ADF&G 1985). A
comprehensive review ofescapemellt data for the Delta River was made ill November [986. A
revised population escapemellt goal of I 1.000 was established based upon a trimmed average
ofescapemelltsJor 1974-[986, e.x.eluding the tWO high alld (WO low years. ..

Sheelljek River

"II Jail chI/ill salmoll escapemem goal of 20,000 aerial sU/i'ey COlillts was proposed for the
Sheenjek River i/l 1979. [1/ 1981, a range of 15,000 to 53,000 was proposed. III April 1982. a
goal of 40,000 was proposed. [ll 1984, a goal of 60,000 fall chl/IllS Jar the perceived high
abulldallce cycle years ([97/, 1975, 1979, etc), and 19,000 for [ow abulldallce years was
established (ADF&G [984). The goal was revised to 40,500 for all years in the cycle ill
November [985, alld l1'a.l' a populatioll goal based lipan SOllar 01' expanded aerial slI/i'ey COllllrs
(ADF&G 1985). A comprehensive review ofescapemellt data for the Sheenjek River was made
ill Nnvemher [986. A revised poplI[arioll escapemem goal of 62,000 was established based
UPOII a trimmed average of escapements for 1974-1985. excluding the two high alld two low
years. In 1992 the escapemem goal lVas revised to 64,000 based on trimmed average of
escapemellls 1974-1990."
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Fishing Branch Ri'ver (Canada).

"A fall chum escapemem goal range of20,300 to 61,300 aerial survey COWtts was developed by
ADF&G in April 1981 for the Fishing Branch River. In April 1982 all aerial survey goal of
60,000 was developed. In 1984, a goal of61.000 fall chums for the perceived high abundance
cycle years (/97/. 1974. 1979 etc.). alld 17.000forlow abundance years was developed. Sillce
this \t<'as a spawning srock in Canada, these goals were not formally established ill that they
were notlisled inflShery management plans or ammal management reports for the Yukon River
in Alaska. /n 1987. an escapemem goal range of 50,000 - 120,000 weir COUnlS was
established. 77tis escapemelll goal range was established by the u.S./Callada Joim Technical
Committee (JTC) (U.S /Canada JTC. 1987) alld was based Oil all inspection ofFishing Branch
River fall chum salmon escapemelllsfrom 1974 -1986. lind mixed stock fishery harvests (not
attributed specifically to the Fishing Branch River stock) laggedfOllr years later. "

Mainstem Yukon River (Canada).

"The u.s./Canaela JTe established a mail/stem Cal/adiall Yukon River interim fall chum
salmon escapemelll goal range of 90,000 to 135,000 in 1987 (U.S./Canada JTC. 1987).
Escapemem is determined by the anllilal DFO tagging study. 17lllt interim goal was reviewed
alld revised by the JTe in November 1990 and chal/ged to an escapement >80,000 1987
(U.S./Canada JTC. /990) . ..

Buklis (1993) and ADF&G (1992) reported that the escapement goals estabhshed for the Toklat. and
Delta Rivers in 1986 and the Sheenjek Rjver goal in 1992 were considered nuntmum escapement goals
startmg with the 1992 fishmg season.

in 1999. interim revised biological escapement goal ranges were developed for the Delta, Toklat and
Sheenjek Rivers (Barton 1999). An escapement goal range of 8,000 to 17,000 was recommended for the
Delta River, based on 0.8 to 1.6 of the median escapement for the years 1972 1998. An escapement
goal range of 22.000 to 45,000 was recommended for the Toklat River. The goal was based on 0.8 to 1.6
of the median escapement for years 1974 - 1998 [notc that, a year when a foot survey was not conducted
(1977) and the years of low escapements, (i.e., escapements less than 15,000 for 1982, 1988, 1991, 1992
and 1997) were excluded]. An escapement goal rangc of 66,000 to 132,000 was recommended for thc
Sheenjek River. The goal was based on 0.8 to 1.6 of tile median escapement for the years 1974 -1998
(note that 1978 was excluded because aerial survey conditions were poor).

This report is written to document the reconstructlon of the total Yukon River fall chum salmon runs
(stock specific catch and escapement) for the years 1974 - 1999, by age. for the followmg stocks: (I)
Tanana RIVer (historical escapement Indexed by expanded Toklat and Delta River foot survey counts). (2)
Upper Yukon tnbutaries (historical escapement Indexed by the SheenJck Rivcr sonar and Fishmg Branch
River weir counts), and (3) Upper Yukon mainstem (escapement estimated based on DFO mark-recapture
projcct). With the establishment of the Chandalar Rl\'er sonar project and the Upper Tanana R.I\'cr mark­
recapture projects In 1995, there is a complete assessment of the total stock specific runs of fall chum
salmon 10 the Yukon River. The historical run reconstructions were based In part on expansion factors for
histOrical mdex escapement counts to total escapement. estimated from average ratio of total escapement
10 mdex escapement for the yenrs since 1995. The stock specific run reconstruction will enable an
assessment of recnnts from parent escapements for the 197-1 - 1995 brood years. in additIon. the report
Will document current analyses relevant 10 developmg stock-recruit relatIonships for the aggreg:ned
Yukon Rwer fnll chum salmon stock and three Yukon River fall chum salmon stocks within the Yukon
RIver dramage. The report will also provide documentallon of and recommendatlons to ADF&G as 10 the
appropnate biological cscnpcment goals for five escapemenl indicator populations.



YUKON RIVER FALL cmm SAUION ESCAPEMENTS, HARVESTS, AND RUNS

Ylikoll River Fall C/wm Salmoll Escapemellls

Tanana River Escapement

The escapement of fall chum salmon in the Tanana River drainage (Table I) has been monitored in two
tributary systems, the Delta River (1974 to present). and the Toklat River (1974 to present). Passage to
the Upper Tanana River drainage above the Kantishna River has been monitored by a mark·recapture
project (1995 10 present). Toklat River escapements were based on expanded ground or aerial survey
counts made al Toklat Springs using streamlife and migratory lime density data collected from Delta
River fall chum salmon surveys (Barton 1997). The Toklat River survey counts are a very conservative
estimate of the fall chum salmon escapement to the Kantishna River drainage. The Toklat River is a
tributary of the Kantishna River, and a si,b'T1ificant population of fall chum salmon is known to spawn in
the Kantishna River above the Toklat River. Limited monitoring of the Kantishna River escapement
occurred in 1999 and 2000 with an extension of an existing mark-recapture project. For those years, the
estimated Kantlshna River (including the Toklat River) fall chum salmon escapement above the Toklat
River was 4 to 5 times the Toklat River survey counts (Pete Cleary, ADF&G, 1300 College Road,
Fairbanks, AK 9970 I, personul communication). However, there are insufficient years of paired data
(i.e., paired Toklat River survey counts and Kantishna River mark·recapture estimates) over a range of
Toklat River escapements to develop a method to expand the historical Toklat River survey counts to the
entire Kantishna River drainage.

The Delta River escapements were based on peak aerial survey counts in 1974 and foot survey counts.
1975 to present. The peak uenal survey count was expanded by 1.475 based on a comparison of replicate
foot and aerial surveys conducted in 1985 (Barton 1986). Delta River foot survey counts were expanded
based on spawner abundance curves and estimates of stream life (Barton 1986). Estimates of total
passage to the Upper Tanana River are based on mark·recapture projects (Cappiello and Bromaghin 1995,
Cappiello and Bruden 1997, Heben and Bruden 1998. Cleary and Bruden 2000). For the years 1995­
1999, paired estimates of Upper Tanana River passage and Delta River escapements indicate that the
Delta River escapements averaged 12.3% of the Upper Tanana River passage. For these years, a
retrospective estimate of Upper Tanana River escapement based on expansion of the Delta River survey
counts hurl 3 meun absolute percent error (lvlAPE) of 20% and a mean absolutc error (MAE) of 28.3
thousand (Table 2). Estimates of Upper Tanana River escapements, 1974 - 1994, were based on an
expansion of the respective year Delta River foot survey counts by 8.13 (Table I). Escapements to the
Tanana River drainage were considered to be the sum of the escapement to the Toklat and the Upper
Tanana Rivers (Table I).

Upper Yukon River Tributaries Escapement

The spawning of fali chum salmon in the Upper Yukon River. above the confluence of the Tanana River
to the U.SJCanada border. is thought to occur in the Chandalar and Porcupme RIvers. These spawnmg
populations arc hereafter referred to as the Upper Yukon River Tributaries. Fall chum salmon
escapement has been monitored in the Upper Yukon River Tributaries (Table 3) in the Sheenjek River
(1974 to present). In the Fishmg Branch River (1974 to present). and in the Chandalar RIver (1995 to
present). The SheenJek and Fishing Branch Rivers ure the two principal spawning areas for fall chum
salmon in the Porcupine RIVer drainage.

The Sheenjek RIver escapements were based on aerial survey counts (1974 - 1980) and non·user
configurable sonar counts (1981 to present). (Barton 1995). Aeri::11 survey counts were expanded by 2.92
based on sImultaneous sonar and aerial survey counts that were conducted in 1993 (Barton 1999a). From
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1981 to 1990 the Sheenjek sonar projett was initialed relatively late in the run, around August 25. After
1991, the proJett was initiated earlier, around August 8. The early year sonar counts were expanded for
the portion of the run that was not counted derived from estimated average run timing curves based on
years where non-user configurable sonar was operated on the Chandalar (1986 - 1990) and Sheenjek
Riven; (1991- -1993)(80rton 19990).

The Fishing Branch River escapements were based on aerial survey counts (1976 - 1984) and weir counts
(1974 - 1975, and 19 510 present). The aerial survey counts were expanded by a factor of 2.72. The
expansion factor developed by the JTC was presumably based on analysis of simullaneous aerial survey
and weir counts.

The Chandalar River escapements were based on user configurable sonar counts. 1995 to present (Daum
and Osborn 1996, 1998a, 1998b and 2000). Note that non·configurable sonar was operated on the
Chandalar River, from 1986 - 1990, however those counts were not considered a complete assessment
because of limited ensonification of the River cross-section achieved with the non-configurable system.
The total fall chum salmon escapement to the Upper Yukon River Tributaries was assessed, for years
1995 - 1999. The escapement to the Chandalar River was closely related to the collective escapement of
the Sheenjek and Fishing Branch Rivers (Table 4). A linear regression model was fit (Y = 1.86 X, R1 =
0.88, p = 0.012) to the paired observations. For these years, a retrospective estimate of Upper Yukon
River Tributary fall chum salmon escapement based on expansion (1.86) of the collective Sheenjek and
Fishing Branch River escapements had a MAPE of 48.3% and MAE of 61.5 thousand (Table 4).
Estimates of Upper Yukon RIver Tributary escapements, 1974 - 1994. were based on expansion of the
respective year collettive Sheenjek sonar and Fishing Branch weir counts by 1.86 (fable 3).

Upper Yukon River Mainstem Escapement

The Department of Fishenes and Oceans (DFO) have monitored the passage (escapement plus catch m
Canadian fisheries in Ihe Yukon River above the border) of fall chum salmon at the U.S.lCanada border
in an annual mark-recapture project. Estimates of escapement for the Upper Yukon River mainstem
(border passage less upstream Canadian harvests) have bcen made from 1980 to the present (Table 5).

The estimates of the Upper Yukon River mainstem escapements for years 1974 - 1979 were based on
expansion of ihe collective Sheenjek and Fishing Branch River escapements to the Upper Yukon River
and subtraction of the estimated Upper Yukon River Tributary escapement ('rable 5). The escapement of
the Upper Yukon River (i.e., the sum of the Upper Yukon River Tributary escapement and the Upper
Yukon mainstem escapement) was closely related to the collective escapement of the Shecnjck and
Fishmg Branch Rivers (Table 6). A linear regression model was fil (Y =2.31 X. R1 =0.89, p < 0.001) to
the paired observations. For the years 1980-1999, the Upper Yukon River escapement was 2.31 times the
collective escapement of the Sheenjek and Fishing Branch Rivers. For these years, a retrospectlvc
eSllmate of Upper Yukon River fall chum salmon escapement based on the regressIOn expansion of the
collective Sheenjek and Fishmg Branch Rivers has a MAPE of 13.4% and MAE of 38 thousand (Table 6).

Yuk01J Ri\'er Fall Chum Salmoll Han'ests

Total utilization of Yukon River fall chum salmon includes commercial harvests. commercial-related
harvests. subsistence, personal use. and ADF&G test fishery hanrests (Tables 7-9). Commercial harvests
are estimated from fish tIckets. Commercial·rclated harvests are the esrim.ilted number of carcasses made
aV.illlable for subSistence use. after the sale of the roe. There is a potential for commercial-related harvests
10 be renected both in the fish tickets and In the subSistence surveys. To aVOid the double counting,
commercial-related harvests are monitored separately and estimated from a combination of fish ticket
sales and subslstencc survey program results. Currently only onc non-subsistence arc:J is designated

6



within the Yukon River drainage and largely encompasses the section of the Tanana River near Fairbanks.
Subsistence fishing permits are required primarily in areas that have road access and include the entire
Tanana River drainage and sections of the Upper Yukon River (Holder and Hamner 1995, 1998a, 1998b;
Borba <lnd Hamner 1996, 1997, 1998, 1999.2000). Subsistence surveys prior to 1979 were conducted
prior to lhe end of the fall chum salmon run. and therefore the subsistence survey based harvest estimates
of fall chum salmon were negatively biased. Subsistence harvests in all districts were stable during the
decade after initiation of full subsistence surveys. To correct for the under reporting of subsistence
harvests prior to 1979, subsistence harvests in Districts I - 6. for the years 1974 - 1978, were esttmated
based on the average subsistence harvest in the respective districts. 1979 - 1986 (Table 7 - 8).

Age Composition ofAnllual Escapements and Runs

The annual age compositions of the aggregate Yukon River fall chum salmon runs were based on annual
estimates of age composition provided from sampling in the lower Yukon River (Barton, 1999b). For
years 1977 - 1980. the ages were estimated from the Dlstnct 1 commercial 6-inch mesh gill net catch
samples (Table 10). For subsequent years, age compositions were estimated from sampling the 6-inch
mesh gJ1lnets In the ADF&G test fishery at the Big Eddy and Middle Mouth sites. Corrections were made
for years when the test fishery was not completely sampled. In the initial years of the test fishery, 1981 ­
1982, samples from the commercial fishery gill net harvests were used during blocks oftime for which no
test fishery age samples were available. In 1994, the lower river test fishing operations were terminated
pnor to the conclusion of the season's run. Therefore. estimates of age composition were based on
extending the relative abundance of specific ages in the imtlal test fishery samples based on mean age
speCIfic run tIming curves estimated from test fishenes in prior years.

Reconstructed Total RUlls of Yukm, Fall ChulII SalmOll

General Model of Yukon River Fall Chum Salmon Runs

The estImated total annunl run size of Yukon River fall chum salmon includes the total utiliz:mon in
Alaskan and Canadi:m fisheries plus the estimated escapement \0 the Tnnana River, the Upper Yukon
River tnbutaries (i.e., the Chandalar, Sheenjek, and Fishing Branch Rivers) and the Upper Yukon River
mainslcm escapement at the U.S.lCanada border. This model is conservative to the extent that spawning
populations of fall chum salmon may occur in the mainstem Yukon River downstream of the U.S.lCanada
border and in tributaries where escapement is not assessed. Limited escapement estimates are available
for other populations, and significant populations of fall chum salmon may occur in the Kantishna River
above the Toklat River and in the Koyukuk Rivers. Estimates of escapement to the Kantishna River
which including the Toklat River were 21.1 and 27.3 thousand in 1999. and 2000, respectively. These
estimates were substantw.l1y greater than the expanded Toklat River survey counts and may indicate a
significant spawning in the Kantishna River drainage outside the Toklat River. Estimates of escapement
in the South Fork of the Koyukuk River were 19.5. 21.7. and 16.4 thousand in 1990, 1996 and 1997,
respectively.

Independent assessments of Yukon River fall chum salmon runs are avaJiable from the Rampart mark­
recapture project. 1996 - 1999 (Gordon et al. 1998; Underwood et al. 2000). To reconstruct the Yukon
River fall chum salmon run at Rampart requIres partitioning the District 5 ulllization into that taken above
and below Rampart. The subsistence and personal use harvests have been apportioned 10 areas wlthm
Distncl 5 based on lhe distribulion of harvests within District 5 from subsistence surveys and returned
subSistence permits (Table 11). SubSistence users from the Villages ofTanana and Rampart generally fish
in the Yukon River below the Rampart area. and all other users in DIstrict 5 fish above the Rampart area.
The proportIOn of the Dlstnct-5 subsistence and personal use harvests taken by residents of Tanana and
Rampart was 47.9%. 46.5%. 79.8% and .+9.7% for the years 1996 - 1999, respectively. These
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percentages were used to estimate District 5 total utihzation below and above Rampart for the respective
years. The reconstructed run at Rampart was the sum of the District 5 utllizallon above Rampart, the
Canadian utilization, the Upper Yukon River Tributary escapement. and the Upper Yukon R..lVer
mainstem escapement.

Year

1996
1997
1998
1999

Estimated Reconstructed District 5 Canadian Escapement
Passage at Run at Utilization Utilization Above
Rampart Rampart Above Rampart

Rampart
654,296 723,611 44,491 24,354 654,766
369,546 439,926 31,651 15,580 392,695
194,963 182,663 6,337 7,904 168,422
189,742 228,216 26,951 19,574 181,691

Average Percent Error

Percent Error

·10.6%
·19.0%

6.3%
-20.3%
·10.9%

The Upper Yukon River runs reconstructed at Rampart averaged about II % greater than the passage at
Rampart, as estimated from the Rampart mark-recapture project. The differences in reconstructed runs
and estimates of passage at Rampart were within expectations based on measurement errors inherent in
the assessment methods and do not indicate that any significant spawmng populations of fall chum
salmon above Rampart are being excluded.

Independent assessments of Yukon fall chum salmon runs are also available at the Pilot Station sonar site
(1995, 1997 - 1999). The above model of Yukon River fall chum salmon runs was tested by companng
the reconstructed run at Pilot Station and the estimated passage by the Pilot Station sonar. The run at
Pilot Station was reconstructed using the assumption that about half of the Y·2 district utilization occurs
below Pilot Station (0.1. Bergstrom, Alaska Dept. of Fish and Game, Anchorage, AK.: personal
communicatIOn). The reconstructed run of fall chum salmon at Pilot Station was the sum of one half the
Districi 2 utilization, Districts 3·6 utilization, Canadian utilization, and escapement.

Year Passage at Reconstructed Total Utilization Escapement Percent Error
Pilot Station Total Run at above

Pilot Station Pilot Station
1995 1,070,968 1,431,586 375,983 1,055,603 -33.7%
1997 521,531 617,444 138,577 478,867 ·18.4%
1998 353,371 314,021 67,610 246,411 11.1%
1999 405,230 404.587 113,476 291,111 0.2%

Average Percent Error -10.2%

The reconstructed runs at Pdot Station a\'eraged about 10°,-0 greater than the Pilot Station sonar count.
This observation seems to be inconsistent with the occurrence of a sigmficant unmonitored spawning
population in the Kantlshna and Koyukuk RJVers and may mdicate thai the Pilot Station sonar counts are
biased low, particularly In Situations ofcountmg large runs past the sonar.

Stock Identification of Harvcsts

There is little speCific mformatlon regarding the stock composition of Yukon fall chum salmon
Utilizations. In the following, utilizations were apportioned to stock based on assumptions of precise
hommg and Similar run tlmmg among the three stocks of Yukon River fall chum salmon. Radio
telemetry studies. conducted in 1998-1999 of radio tagged fish released at Rampan, (Underwood el al.
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2000) were to lest lhe hypothesis of no differences in run timing among the Upper Yukon River tributary
and Upper Yukon River mainstem slocks. The relative proportion of these stocks in the passage at
Rampart by week was estimated for 1998 and 1999 based on distribution of radio lagged fall chum
salmon observed spawning areas (John Eiler, NMF Auke Bay Laboratory, Juneau, personal
communication). The relative proportion of recoveries aggregated by stock. by week is provided in the
followmg table. In 1998 there were no differences in the stock's relative distribution over time (2 x 4 chi
square Icst, p "" 0.13). In 1999 there were differences in distribution in the stock's relative distribution
over time (3 x 7 chi square test, p >0.01); however, these differences were due to a relatively high
contnbutlon of U.S. mamstem fish in week 32, and relatively high contribution Upper Yukon mainstem
In week 39. There was no difference in the distribution of the stock In weeks 33- 38 (3:<: 5 chi square test,
p - 0A1).

1998 Data
Distribution of Radio Tags in Escapement

U.S. Mainstem below
Fort Yukon ChandaJarlPorcupine River Upper Yukon Mainstem

Week Abundance No. of Tags Percent No. of Tags Percent No. of Tags Percent
32
33
34
35 31,496 36 13.7% 14 19.4%
36 42,504 53 20.2% 6 11.1%
37 58,635 102 38.8% 24 33.3%
38 37,931 72 27.4% 26 36.1%
39

1999 Data
Distribution of Radio Tags in Escapement

U.S. Mainstem below Upper Yukon River
Fort Yukon Chandalar/Porcupine River Mainstem

Week Abundance No, of Tags Percent No. of Tags Percent No. of Tags Percent
32 8,127 ,2 36.4% 15 4.3% 2 2.7%
33 54,449 2 3.0% 46 13.1% 6 8.2%
34 26,439 1 0.9% 75 21.4% 13 17.8%
35 28,411 1 0.9% 75 21.4% 16 21.9%
36 12,851 1 1.6% 35 10.0% 12 16.4%
37 25,104 0 0.0% 50 14.3% 11 15.1%

38 19,386 0 0.0% 42 12.0% 4 5.5%
39 14,974 1 2.4% 12 3.4% 9 12.3%

The available radiO telemetry data suggest minor differences in run timing among Yukon Rlver fall chum
salmon. Based on assumptions of precise homing and similar run timing among the three stocks of
Yukon River fall chum salmon. thc Yukon River fall chum salmon harvests can be partitIOned by stock In

several areas that would be expected to have similar stock composition:

1. Areas where the Tanana River. Upper Yukon River tnbutary. and the Upper Yukon River mainstem
stocks have Similar vulnerability include the areas downstream of the Tanana River. these areas are
deSignated Dlstncts I~. and the portion of Dlstrtct 5 downsLream of the Tanana River confluence.
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The annual utilization in these areas was separated Into stock specific utilization based on the relative
magnitude of the three stocks' respective year's run upstream of the mouth of the Tanana RIver.

2. District 6 utilization was assumed to be entirely ofTanana River ongm.

3. Areas where the Upper Yukon Riyer tributary stock and the Upper Yukon River mainstem stocks
have similar vulnerabIlities include the portIOn of District 5 between the Tanana River and the
Porcupine River. The annual utilization in this area was separated into stock specific utilization based
on the two stock's respective year run upstream of the Porcupine/Chandalar Rivers.

4. Utilization in the Chandalar and Porcupine Rivers was assumed to be entirely of Upper Yukon River
Tributary origin.

5. Utilization upstream of the Porcupine River was assumed to be entirely of Upper Yukon River
mainstem origin.

District 5 utilizations were apportioned to the following areas appropriate for stock identification: areas
downstream of the Tanana River, Yukon mainstem between the Tanana River and the
PorcupineJChandalar Rivers, areas in the Chandalar and Porcupine Rivers, and areas upstream of the
Porcupine River (Table 12). Apportionment of the District 5 utilizations were based on the respective
subsistence and personal use harvests in these areas estimated from subsistence surveys and returned
fishing pennlts (Table II). Here the utilization in District 5 below the Tanana RIver were m proportion to
the Tanana Village utilization; in District 5 between the Tanana River and the PorcupineiChandalar
Rivers were m proportion to the in proportion to the sum of Rampart Village. FaIrbanks
subsistence/personal use, Stevens Village, Beaver Village, and one half of Fort Yukon utilizations; In
District 5 above the PorcupineiChandalar Rivers were in proportion to one half Fort Yukon. Central.
Circle, Eagle and other Villages (Table 11). The utilization in District 5 that occurred In the
Porcupine/Chandalar River was in proportion to the sum of the Venetie and Chalkyitsik Village
utilizations. For the years 1990 - 1999, the respective year subsistence and personal use harvests by area
within District 5, were used to partition the District 5 utilization (Table 11). For the years 1974 ~ 1989,
the average distribution of subsistence and personal use harvests within District 5 for the years 1990­
1999, was used to partition the District 5 utilization (Table 12).

Yukon River fall chum salmon runs were reconstructed in stages beginning with the upper river runs and
then sequentially reconstructing the runs downriver. The run at the mouth of the Chandalar and
Porcupine Rivers was constructed first, followcd by thc run at the mouth of the Tanana River, and
complcted by the run at the mouth of the Yukon River.

The run 10 the Yukon River nt the mouth of the Chandnlnr and Porcupine Rivers can be apportioned mto
the Upper Yukon River tributary and Upper Yukon River mainstem stocks. The harvests and
escapements withm the Chandalar and Porcupine River drainages were assumed to be specific to the
Upper Yukon Rivcr tnbutary stock. Thc run of Upper Yukon River tributary stock was conSidered the
escapement and utilization m the Chandalar and Porcupine River drainages. The run of Upper Yukon
River mainslem stock was considered to be the harvests m the Yukon River mamstem above the mouth of
the Porcupine River. Canadian harvests in the Yukon River mainstem. and escnpement at the U.SJCanada
oorder (Table 13).

The Yukon River fall chum salmon run at the mouth of the Tanana River consists of the run downstream
from mouth of the Chandalar and Porcupine Rivers, including the utilization m the mainstem Yukon
River to the Tanana River, and the run in the Tanana River drainage. The relative magnitudc of the
Upper Yukon River tnbutary and Upper Yukon RIver mainSlem runs at the Chandalar and Porcupme
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Rivers (Table 13) was used to apportion the utilization in District 5 from the Tanana to Chandalar and
Porcupine Rivers. District 6 utilization and the Tanana River escapements were assumed to be spttific to
the Tanana River stock. ReconslIUcrion of the Yukon River fall chum salmon run at the mouth of the
Tanana River IS provided In Table 14.

The Yukon River fall chum salmon run at the mouth of the Yukon River consists of the run downstream
of the confluence of the Tanana River (which nC{;essitates an inclusion of a portion of what is designated
District 5) plus the utilization in Districts 1-4. The relative magnitude of the Tanana River, Upper Yukon
River tributary and Upper Yukon River mainstem runs at the mouth of the Tanana River (fable 14) was
used to apportion the utilization in Districts 1-4 and that portion of District 5 downstream of the Tanana
River (Table 12). Reconstruction of the fall chum salmon run at the mouth of the Yukon River is
provided in Table 15.

The reconstructed total fall chum salmon run by age for thc ycars 1974 - 1999 was estimatcd by applying
the annual estimates of age composition (Table to) to the reconstructed runs at the mouth of the Yukon
River (Table 15).

Estimation of Recruits from Parent Escapement by Age

The recruits, by age, from parent escapements were estimated for the 1974 - 1995 brood years. The
recruits from brood year y and age a is the escapement and utilization for age a in calendar year y + a.

(1)

R20y is the recruits for age a and brood year y, Ea,y.a is the escapement by age a and calendar year y+a. and
U&,y+I is utilization by age a and calendar year y+a.

Production for year classes 1974 through 1995 was estimated for each cohort as the sum of production at
age over ages of the cohort:

I-T,.

. I"R ~ R
Y a_) a.,'

For lhe 1994 and 1995 brood years. production was incomplete and
younger ages, then prorating these sums for the older ages yet to mature:

(2)

estimated by summing across

(3)

Where: FlO is the average fmction of production represented by six-year-olds for year classes 1974 through

1993, Fs. the average fraction for five·year-olds and older for year classes 1974 through 1993.

The tOlal runs by age for 1974 - 1999 and recruits by age for the 1974 - 1995 brood years for the
agb'Tegate Yukon River fall chum 531mon. Tan.:IO:l River, Upper Yukon River tnbuuuy, and Upper Yukon
River mainstem fall chum salmon are presenled in Tables 16 -19. respectively. Plots of total run and
exploitation l.lte for years 1974 - 1999 by stock are prOVided in Figures 2 and 3.
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SI'AWNER-RECRUIT RELATIONSIIII'S FOR YUKON RIVER
ORIGIN FALL CHUM SALMON

Methods

Spawner-recruit relabonships were developed by fitting paired observations of recruits and escapement to
the following model:

-osR,=aS,e rexp(E r )

where: RIo = estmmted total recruitment by brood y;
S,. ,. spawnmg escapement that produced brood y;
Cl = mtrinslc rate of population increase in lhe absence ofdcnslIy-dependent liffiltatlOns;
f3 = density-dependent parameter; and

f;. ::: process error with mean 0 and variance a: .

(4)

This model, commonly referred to as a Ricker recruitment curve (Ricker 1975), has two parameters, a
and 13, to estImate, given a series of spawner and resultant recruitment observations or estimates. I
assumed the errors were log-normal (as is common for salmon returns), resulting in the log-transformed
linear equation:

In(R,/S,) = In(u)-pS, +E, (5)

Linear regression procedures provided estimates of the intercept (In a) and the slope (P) in equation 2.
Hilborn and Walters (1992:271-2) published the followmg empincal approXlmatlOn of the estImated
spawnmg size that produces maximum sustained yield or MSY (S,\fsr) as a function of estimated
parameters:

~ _h;a+cr;/Z "~2/
S"" = • [0.5 - 0.07(111 u+ cr, 2)]

P
(6)

where: cr~ = the mean square error from the regression.

The estimated variance V(SMsr) and 90% confidence intervals for SMsr were calculated through non­

parametric bootstrapping of residuals from the regression (see Efron and Tibshirani 1993: 111-5).

ReSiduals were calculated as differences between observed and predicted values:

where: l;" "" the reSIdual for brood y;

Y, - Ln(R./S,);

E[Y,.] "" the predicted value.

C =Y,-E[Y,] (7)

A new set of dependent variables were generated by sampling the residuals from the onginal reb'Tession:
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(8)

where the t;): were drawn randomly with replacement from the original vector of the 1/ original residuals

{~y } (n = the number of brood years in the analysis). In this fashion a new data set was created

comprised of the original values for the independent variables (spawning abundance, either total or- -female only) and corresponding simulated values Y". The Y)' were then regressed against the original

values of the independent variables to produce a new, simulated set of parameter estimates for In a, 13,
a~dcr:. These new parameter estimates were plugged into equation 6 to produce a simul~ed estimate

SAfSY· This process was repeated 1,000 times to produce 1,000 simulated estimates of SMsr' From

Efron and Tibshirani (1993:47):

"'''''''(S ~ S )'viS )= L..b"'l MSY(b) Msr
Msr 1000-1

(9)

- -I ",,1000 -- ~
where SMSY:::: 1000 ..L.b=! SMSY(b). Ninety percent confidence intervals about SMsr were

estimated from the 1,000 simulations with the percentile method (Efron and Tibshirani 1993: 124-126).

The 1,000 values of SMsr for each scenario were sorted in ascending order making the 51st and the 950th

values the lower and upper bounds of a 90% confidence interval.

In some of the analyses residuals from the fit of the standard Ricker model were significantly auto­
correlated at a lug of one generation. The dampened oscillation in the auto-correlation function beyond
that lag and the lack of significance in the partial autocorrelation function indicated an auto-regressive
process. Using the methods described in (Noakes et al. 1987) and Pankratz (1992), Ricker's linearized
production model was modified to include an auto-regressive parameter ~I:

where B is a "back-shift" operator (when used, describes a value of a variable from the previous
generntion). Multiplying both sides of the equation by 1 ~ ~IB and simplifying:

provides an auto~regressive model with estimable parameters. Parameters were estimated by method of

maximum likelihood. Because it is involved solely in the error tenn in equation 12, ~1 is a nuisance

parameter, and therefore drops out of the first derivative of this equation. The equation to estimate S,lfsr

from the auto-regTessive (oml of Ricker's model is the same as that derived for the standard model

(Equation 6):

1= (1- jJSMSY) exp(ln'a) exp(-jJSMSY) exp(&; /2)

13
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The lOitlal estimate of 5.IISY as used as me pomt value for recommendmg a biological escapement goal and

mis biological escapement goal is expressed as a range. The range is estimated as the range of escapements

that produce 90% or greater ofmaximum sustained yield.

Spawner-Recruit Relatiollsllip amI Biological Escapement Gottls.

The 1975 reconstructed Yukon River fall chum salmon run was very unusual (Figure 2). The magnitude
of the reconstructed run was 1.938 million, the largest in the 26~year time series, and approximately 1.4
times the next largest run of 1.396 million th<lt occurred in 1979. The total utilization for 1975 was 339
thousand, which was large but not excessive as four years in the series had a larger utilization. The large
run estimated for 1975 was due almost entirely to the large escapement (354 thouS4l.nd) observed In the
Fishing Branch River (fable 3). This escapement level was very unusual. The escapement was the
largest in the 26-year time series, almost three times the next largest Fishing Branch River escapement
observed In 1979. The probability of such a large escapement. based on the nonnal frequency distribution
and log-nonnal frequency distribution fit to the Fishing Branch River escapement data, is 2.83 x 1006 and
0.0013, respectively. Such an escapement level is extreme by any statistical critena, and the recruits
estimated from the escapement level would have a very large influence on the spawner recruit
relationship and MSY escapement levels estimated from the data. Because of the lack of escapement
data, other than the four stocks that were monitored in 1975, the Fishing Branch River escapement
expands to a very large escapement for the Upper Yukon River tributaries and Upper Yukon River
mainstem stocks. The assessment of Yukon River fall chum salmon was markedly improved with the
implementarion of the mark-recapture project on the U.S./Canada border in 1980. Reconstruction of runs
from 1980 onward was more accurate. In the following section, spawner-recruit relationships were fit to
both the full data set from the 1974 - 1995 brood years, and to a reduced data set from the 1980 - 1995
brood years.

Aggregale Yukon River Fall Chum Salmon

Spawner-Recru;t Relat;ollsh;ps Based 011 the 1974 - 1995 Brood Year Data. Fall chum S4l.1mon
escapements have been used to reconstruct the aggregate run for the Yukon River annually since 1974.
Over the 26-year period of 1974 to 1999 the aggregate fall chum salmon escapement in the Yukon River
has averaged 508,011 fish, ranging from a low of 179,828 fish in 1982 to a high of 1,465,213 fish in 1975
(Table 16). TIlliS contrast in spawning abundance is about 8. I-fold, a high and meaningful level of
variation in annual spawning abundance.

According to the ere (I 999), the following guidelines concerning contrast in spawning abundance can
be used in statistical stock-recruit analyses:

"When estimates 0/ spawn;ng abundance are similar - the range is less than 4 t;mes the
smallest spawning abundance - statist;cal stock-recm;t ano(l's;s is likely to produce 0 poor
est;mate o/S~.fS}"

When range in spawning ahulldance is 4 to 8 times the smallest level, stat;stical stock-recm;t
analysis should produce belfer estimates ofSAlSY, so 10llg as measurement error is flot e:r:1reme
al/d some of the prodllction-to-~pawlle,. ratios are below olle at higher levels of spawning
abundance.

When range is more than 8. statistical analysis should produce the best estimates, so long as
some 0/ the prodflctiOlHO-'ipawner ratios are below One at higher levels of spawning
abundance. "
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With a contrast of spawnmg escapements of8.I-fold. the Yukon R.1ver fall chum salmon analysis fits into
the high contrast category identified by the ere (1999) general methods. and thus production-to-spawner
levels are imponant in determining if data will be adequate to conduct a statistical analysts. Twenty-two
brood years of recruits are estImated and several of the annual escapements with higher values have
production-to-spawner I11tios below one. Thus, the criteria under the high contrast category is met, and
there are good technical reasons to believe that stock-recruit analysis will lead to useable estimates of the
escapement level that produces maximum sustained yield (SMSV).

The Ricker-type spawner-recruit relationship fit to the reconstructed aggregate Yukon River fall chum
salmon escapement and recruit data (Figure 4) was significant (p-value <0.00 I) with a corrected R-square
of 0.40 indicating significant density dependence (Table 20) and statIstical definition of a MSY
escapement level. The residual plots for the Ricker-type spawner-recruit relationship (Figure 5) indicate a
significant auto-correlation (lag t year autocorrelation = 0.43, P = 0.025). To correct for the
autocorrelation, a Ricker model with a first order auto-regressive parameter was fit to the data. The auto­
regressive model golve a significant improvement in fit (p < 0.001) with corrected R-Squarc of 0.55
(Table 20). Analyses of residuals (Figure 7) from the auto-regressive Ricker model indicate no trend or
significant auto-correlation.

Analysis of the auto-regressive spawner-recruit relationship for the aggregate Yukon River fall chum
salmon stock resulted in an estimate of 492.293 spawners as the MSY escapement level (Table 20). The
spawner-recruit relationship developed estimated that ffia'timum surplus yield from the aggregate Yukon
River stock of chum salmon is 314,645 on average. If the aggregate Yukon River stock of fall chum
salmon were managed at the indicated MSY escapement level of -1-92,293 spawners per year, a fishery
yield of 314,6-1-5 fish is estm13ted to be provided, on average, indefmitely. The exploitation rate in this
case would be 3~o. Recruits from the two most recent brood years have been the lowest in the series
(Figure 5).

The mean bootstrap estimate of MSY escapement for the aggregate Yukon River stock of fall chum
salmon IS 422,795 spawners, and the coefficient of variation for this mean statistic is 18.9% (Table 20).
The 90% confidence interval for the estimated MSY escapement level for the aggregale Yukon River fall
chum salmon stock is estimated at 335,745 to 533,105 spawners (Table 20). The bootstrap mean estimate
of the MSY escapement level (422,795) is slightly lower than thai estimated (492,293) based the
linearized uLlto·regrcssive Ricker model fit by maximum likelihood, indicating a negative bias of -16.4%
(Table 20).

Based on the auto-regressive model fit to the full data set, the escapement point value for the aggregate
Yukon River fall chum salmon stock is 492,293 spawners. The biological escapement goal for the
aggregate Yukon River fall chum salmon is 327,000 to 677,000 total spawners per year. The BEG is
based on the range of escapements for which expected yield is greater than 90~o of MSY.

The autocorrelatIon in the reSiduals from the Ricker spawner-recruit relatIOnship fit to the 1975 1995
data is extreme, and due to the posll1\"c correlation between the productiVIty (I.c. return per spawner) ofa
brood year to the previous brood year (Figure 6). The productivity of Yukon River fall chum salmon is
clearly cycling (Figure 6), with episodes of increasing productivity followed by an abrupt change to an
episode of declimng productlvlty. The length of these productivity episodes is variable but roughly equal
to the lifespan of the Yukon fall chum salmon. This phenomenon suggests that the spawner-recruitment
relatIonship is strongly regulatmg the abundance of tl1l5 population. ThiS dynamit: IS consisknt with that
of an unexploited or lightly explOIted populatIon with a compensatory spawner-recruit relatIOnshIp
(RIcker 1954).
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There is extreme uncertainty In the magnitude of the 1975 escapement based on the reconstruction of the
1975 run. The 1975 escapement exerts a large influence on the estimated relatIOnship between
escapement and recruitment for this stock. The auto-regressive Ricker model, with a high first order
autocorrelation coefficient (0.71) and a flat underlying stock and recruitment relationship (alpha = 2.41
and MSY exploitation rate of 39%) fit the data well (Figure 4 upper panel). Here the auto-regressive
properties of the model fits the cycling of productivity inherent in the main cluster of data, and the flat
productivity properties fit the extreme 1975 data point.

Spawller-Recruit Relations/rips Based 011 tlte 1980 - 1995 Brood Year Data. Over the 20-year period of
1980 to 1999 the aggregate fall chum salmon escapement in the Yukon River has averaged 471.030
spawning fish, ranging from a low of 179,828 fish in 1982 to a high of 1,055,603 fish in 1995 (Table 16).
Thus, contrast In spawning abundance is about 5.9-fold, a meaningful lcvel of vanation in annual
spawning abundance.

With a contrast of spawning escapements of 5.9, the Yukon River fall chum salmon analysis fits into the
middle contrast category identified by the ere (1999) general methods and thus measurement errors and
production-to-spawner Icvels are important in detennining if data will be adequate to conduct a statiStical
analysis. Sixteen brood years ofret:ruits are estimated (Table 16) and several of the annual escapements
wilh rugher values have production-to-spawncr ratios below onc. Thus, one of the critena for the middle
category is met. The other criterion, measurement error, is a more difficult problem. Allhough annual
spawning escapements have been estimated, V<lriances associated with these estimates are available for
only a portion of the components of the reconstructcd escapement. The escapement assessment
methodologies used for Sheenjek and Chandalar River sonar counts, Fishing Branch weir counts, and the
various mark-recapture estimates have been rigorous and without bias. It seems likely that the
coefficients of variation associated with the annual escapement assessmcnts in recent years is likely less
than 10%, but that is based on opinion, not on sampling infonnation. If this is a correct assumption,
measurement errors are minor. There is good reason to believe that measurement errors assocIated With
annual escapements are not extreme. Thus the s«ond condition listed by the erc (1999) is believed to
be met. There are good technical reasons to believe lhat stock-recruit analySIS will lead to useable
estmtates of the escapement level that produces maximum sust.ained yield (SMSY).

The Ricker·type spawner-recruit relationship fit to the reduced aggregate Yukon River fall chum salmon
data set was significant (p-value < 0.001) with a corrected R-Square orO.60 indicating significant density
dependence (Table 20, Figure 4 lower panel) and statistical definition of the MSY escapement level. The
residual plots for the Ricker·type spawner·recruit relationship (Figure 8) indicate no significant auto­
correlation. The residual pattcrns in the estimated spawner-recruit relationship when ploued through time
and against brood year escapements appear mndom (upper and lower panels of Figure 8, respectively).
The Ricker spawner-recruit model explains the cycling of productivity that IS in the reduced data set
(Figure 6). The productivity has been below that expected for lhe most recent three brood years (Figure
8).

Analysis of the Ricker spawner·recl1.lit relationship for the ag~"Tegate Yukon River fall chum salmon stock
resulted in an estimate of 287,469 spawners as the MSY escnpement level (Table 20). The spawner­
recruit relationship developed estimated that maximum surplus yield from the aggregate Yukon River
stock of chum salmon is 513.753 on average. If the aggregate Yukon River stock of fall chum salmon
were managed at the indicated MSY escapemcotlevel of 287.469 spawners per year, a fishery yIeld of
513.753 fish IS estmtated to be provided. on avemge, indefinitely. The exploitation mte In thIS case would
be 64.1%.

The me::m bootstrap estImate of MSY escapement for the aggregate Yukon Rivcr stock of fall chum
salmon is the RIcker spawner·recruit model is 290,599 spawners and the coefficient of variation for this
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mean statistic is 12.3% (Table 20). The 90% confidence interval for the estimated MSY escapement level
for the aggregate Yukon River fall chum salmon stock is estimated at 239,411 to 354.353 spawners
(Table 20). The bootstrap mean estimate of the MSY escapement level (290,599) is slightly higher than
that estimated (287,469) based on linear regression, indicating a slight positive bias of 1.1 % (Table 20).

Based on the Ricker model fit to the reduced data set. the MSY escapement point value for the aggregate
Yukon River fall chum salmon stock is 287,469 spawners. The biological escapement goal for the
aggregate Yukon River fall chum salmon is 185.000 to 408,000 total spawners per year. The BEG is
based on the ronge of escapements for which expected yield is greater than 90% of MSY.

Tanana River Fall Chum Salmon

Spmvller-Recruit Relationships Based 011 tire 1974 - 1995 Brood Year Data. Fall chum salmon
escapements 10 the Tanana River have been reconstructed annually since 1974. Over the 26-year period
of 1974 to 1999, the aggregate fall chum salmon escapement in the Tanana River has averaged 147,640
spawning fish while ranging from a low of 38, 118 spawning fish in 1982 to a high of 322,686 in 1995
(Table 17). Thus contrast in spawning abundance is approxlO13tcly 8.5-fold, a high and meaningful level
of variation in annual spawning abundance.

With a contrast of spawning escapements of8.5-fold, the Tanana River fall chum salmon analysis fits into
the high contrast category identified by the ere (1999) general methods, and thus production-urspawner
levels are important in detcnninmg if data will be adequate to conduct a statistical analysis. Twenty-two
brood years of recruits are estimated (Table 17) and several of the annual escapements with higher values
havc production-to-spawner ratios below one. Thus, the criteria under the high contrast category is met,
and there are good technical reasons to believe that stock-recruit analysis will lead to useable estimates of
the escapement level that produces maximum sustained yield (SMSY)'

The Ricker-type spawner-recruit relationship fit to the full data set for the reconstructed Tanana River fall
chum salmon runs and recruit data was highly significant (p-value <0.001) with a corrected R-Square of
0.56 indicating significant density dependence (Table 21, Figure 9) and a statistical definition of the MSY
escapement level. Analysis of the spawner-recruit relationship for the Tanana River fall chum salmon
stock resulted in an estimate of 95,287 spawners as the MSY escapement level (Table 21). The spawllcr­
recruit relationship developed estimated that maximum surplus yield from the Tanana River stock of
chum salmon is 218,649, on average. If the Tanana River stock or fall chum salmon werc managed at the
indicated MSY escapement level of 95,287 spawners per year, a fishery yield of218,649 fish is estimated
to be provided. on average, indefinitely. The exploitation rate in this case would be 69.6%. The residual
patterns in the estimated spawner-recruit relationship when plotted through time and against brood year
escapements appear random (upper and lower panels of Figure 10, respectively). The production in the
most recent four brood years has been lower than average (Figure 10).

The mean bootstrap estimate of MSY escapement for the Tanana River stock of fall chum salmon using
the Ricker spawneHecruit model is 96,606 spawners and the coefficient of variation for thiS mean
statistic is 12.4% (Table 21). The 90% confidence interval for the estimated MSY escapement level for
the Tanana River fall chum salmon stock is estimated at 80.745 to 117,771 spawners (Table 21). The
bootstrap mean estimate of the MSY escapemcnt level (96,606) is slightly higher than that estimated
(95,287) based on linear regression. mdicating a slight positive bias of 1.4% (Table 21).

Based on the Ricker model fit to the full data sel. the M Y c::scapc:ment POlOt value for the aggregate
Tanana RIVer fall chum salmon stock IS 95.287 spawners. The biological escapement goal for Ihe Tanana
River fall chum :salmon llo 61.000 to 136.000 total spawners pc:r year. TIle BEG is based on the range of
escapements for which expected yield is greater than 900/0 of MSY.
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Please note that the Tanana River fall chum salmon BEG is in units of reconstructed Tanana River
escapement, whereas, the long term monitoring of Tanana River escapement is indexed by the Toklat
River escapement surveys and the Delta River escapement surveys. The biological escapement goals for
the Tanana River should be expressed in units consistent with these long-teml escapement indices.
BEG's were derived for the Toklat and Delta Rivers by partitioning of the Tanana River BEG based on
the average historical, 1974 - 1999, portion of the Tanana River reconstructed escapements attributed to
the Toklat and Delta Rivers, respectively. These were 24.1 % and 9.3%, respectively.

Based on the Ricker model fit to the full data set, the MSY escapement point value for the Toklat River
fall chum salmon stock is 22,962 spawners, which IS 24.1 percent of the Tanana River fall chum MSY
escapement point value. The biological escapement goal for the Toklat River fall chum salmon is 15,000
to 33,000 total spawners per year.

The best available scientific estimate of the MSY escapement point value for the Delta River fall chum
salmon stock is 8,900 spawners which is 9.3 % percent of the Tanana River fall chum MSYescapement
point value. The biological escapement goal for the Delta River fall chum salmon is 6,000 to 13,000 total
spawners per year.

Spawner-Recruit Re/utioll!<J'hips Bused 011 the 1980 - /995 Brood Yellr Dllta. The RickeHype spawner­
recruit relationship was fit to the reduced data set for the reconstructed Tanana River fall chum salmon
runs. The results (Table 21, Figure 9 lower panel, and Figure 11) were almost identical to the model fit to
the full data set as discussed above.

Upl>(!r Yukon River Tributary Fall Chum Salmon

Spmvller-Recrllit Re/atiollship!<J' Based 011 the /974 - /995 Brood Year Data. Fall chum salmon
escapements for the Upper Yukon River tributary have been reconstructed annually since 1974. Over the
26-year period of 1974 to 1999, the aggregate fall chum salmon escapements in the Upper Yukon River
tributaries have averaged 286.944 spawning fish, ranging from a low of95,564 spawning fish in 1984 to a
high of 1,082,228 in 1975 (Table 18). Thus contrast in spavming abundance is approximately 11.3·fold, a
high and meaningful level of variation in annual spawning abundance.

With a contrast of spawning escapements of 11.3-fold, the Upper Yukon River tributary fall chum salmon
analysis fits into the high contrast category identified by the CTC (1999) general methods and thus
production to spawner levels are important in determining if data will be adequate to conduct a statistical
analysis. Twenty-two brood years of recruits are estimated (Table 18) and several of the annual
escapements with higher values have production-lo-spawner ratios below one. Thus, the criteria under
the high contrast category is met, and there are good technical reasons to believe that stock-recruit
analysis will lead to useable estimates of the escapement level that produces maximum sustained yield
(SMSY)'

The Ricker-type spawner-recruit relationship fit to the reconstructed Upper Yukon River tributary fall
chum salmon runs and recruit data was sil:.'TIificant (p-value = 0.0014) with a corrected R-Square of 0.38
indic<lting significant density dependence (Table 22) and statistical definition of the MSY escapement
level. An examination of the residuals in the Ricker·type spawner-recruit relationship indicates a
significant auto-correlation (lag I year auto-correlation = 0.57. p = 0.0038). To correct for the
autocorrelatIOn, a Ricker model with a first order auto-regressive parameter was fit to the data. The aulO·
reJ:,Yf"cssive model gave a significant improvement in fit (p < 0.001) with corrected R-Square of 0.51
(Figure 12. upper panel). The residual patterns in the estimated auto-regressive Ricker sp:l\vner-recruit
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relationship when plotted through time and against brood year escapements appear random (upper and
lower panels of Figure 13, respectively).

Analysis of the auto-regressive spawner-recruit relationship for the Upper Yukon River tributary fall
chum salmon stock resulted in an estimate of 228,097 spawners as the MSY escapement level (Table 22).
The spawner-recruit relationship developed estimated that maximum surplus yield from the Upper Yukon
River tributary stock of chum salmon is 116,710 on average. If the Upper Yukon River tributary stock of
faJl chum salmon were managed at the indicated MSY escapement level of228,097 spawners per year, a
fishery yield of 116,940 fish is estimated to be provided. on average, indefinitely. 111e exploitation rate in
this case would be 33.9%. Recruits from the two most recent brood years have been the lowest in the
series (Figure 12).

The mean bootstrap estimate of MSY escapement for the Upper Yukon River tributary stock of fall chum
salmon is 221,822 spawners and the coefficient of variation tor this mean statistic is 15.5% (Table 22).
The 90% confidence interval for the estimated MSY escapement level for the Upper Yukon River
tributary fall chum salmon stock is estimated at 168,649 to 298,830 spawners (Table 22). The bootstrap
mean estimate of the MSY escapement level (221,822) is lower than that estimated (228,097) based the
linearized auto-regressive Ricker model fil by maximum likelihood, indicating a negative bias of -2.8%
(Table 22).

Based on the auto-regressive model fit to the full data set, the MSY escapement point value for the Upper
Yukon River tributary fail chum salmon stock is 228,097 spawners. The biological escapement goal for
the Upper Yukon River rributary fall chum salmon is 152,000 to 312,000 total spawners per year. The
BEG is based on the range of escapements for which expected yield is greater than 90% of MSY.

Note that the Upper Yukon River tributary fall chum salmon BEG is in units of reconstructed Upper
Yukon River tributary escapement. Whereas the long tenn monitoring of Upper Yukon River tributary
escapement is indexed by the Chandalar and Sheenjek River sonar counts, and the Fishing Branch River
escapement coulllS. The biological escapement goals for the Upper Yukon River tributary should be
expressed in units consistent with these long·term escapement indices. BEG's were derived for the
Chandalar, Sheenjek and Fishing Branch Rivers by partitioning of the Upper Yukon River tributary fall
chum salmon BEG based on the average historical, 1974 - 1999, portion of the Upper Yukon River
tributary reconstructed escapements of 48.6 %, 33.4 %, and 18.0%, respectively.

Based on the auto-regrcssive model fit to the full data set, the MSY escapement point value for the
Chandalar River fall chum salmon stock is 110,879 spawners, which is 48.6 percent of the Upper Yukon
River tributary fall chum salmon MSY escapement point value. The biological escapement goal for the
Chandalar River fall chum salmon is 74,000 to 152,000 total spawners per year.

Based on the auto-regressive model fit to the full data set, the MSY escapement point valuc for the
Sheenjek River fall chum salmon stock is 76,222 spawners. which is 33.4% percent of the Upper Yukon
River tributary fall chum salmon MSY escapement point value. The biological escapement goal for the
Shcenjek River fall chum salmon is 50,000 to 104,000 total spawners per year.

Based on the auto·regressive model fit to the full data set, the MSY escapement point value for the
Fishing Branch River fall chum salmon stock is 40,996 spawners, which is 18% percent of the Upper
Yukon River tributary fall chum salmon MSY escapement point value. The biological escapement goal
(or the Fishing Branch River fall chulll salmon is 27,000 to 56,000 total spawners per year.

Sp(lwller-RecrlIir Relatiol/ships Based 0" the 1980 - 1995 Brood Year Dutu, Over the 20-year period of
1980 to 1999, the aggregate fall chum salmon escapements in the Upper Yukon River tributaries have
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a,'eraged 254,356 spawning fish. ranging from a low of 95,564 spawning fish m 1982 to a high of
574,825 m 1995 (Table 18). Thus contrast in spawning abundance is approximately 6,0-fold, a
meaningful level of variation in annual spawning abundance.

With a contrast of spawning escapements of 6.0 the Upper Yukon River tributary fall chum salmon
analysis fits into the middle contrast category identified by the erc {I 999) general methods, and thus
measurcment crrors and production·to·spawner levels are important in detennining if data will be
adequate to conduct a statistical analysis, Sixteen brood years of recruits are estimated (Table 18) and
several of the annual escapements witn higher values have production-to-spawner ratios below one.
Thus, one of the criteria for the middle category is met The other criterion, measurement error, is a more
difficult problem to evaluate. Although annual spawning escapements have been estimated, variances
associated with these estimates are available for only a portion of me components of the reconstructed
escapement. The escapement assessment methodologies used for Sheenjek and Chandalar Rj"er sonar
counts. Fishmg Branch River weir counts, and the various mark-recapture estimates have been rigorous
and without bias. It seems likely that the coefficients of variation associated with the annual escapement
assessments in recent years is likely less than 1()01o, but that is based on opinion, not on samphng
information. If this IS a correct assumption. measurement errors are minor. There is good reason to
believe that measurement errors associated with annual esc3pements are nOI extreme. And lhus, the
second condition listed by the ere (l999) is believed to be met. There are good technical reasons to
believe that stock-recruit analysis will lead to useable estimates of the escapement level that produces
maximum sustained yield (SMSY).

The Ricker-type spawner-recruit relationship fit to the reduced Upper Yukon River tributary fall chum
salmon data set was significant (p.value < 0.001) with a corrected R-square of 0.60 indicating significant
density dependence (Table 22, Figure 12 lower panel) and statistical defuution of the MSY escapement
level. The residual plots for the Ricker-type spawner-recruit relationship (Figure 14) indicate no
significant auto-<:orrelation. The residual patterns in the esttrnaled spawner·recruit relationship when
plotted through time and against brood year escapements appear random (upper and lower panels of
Figure 14, respectively).

Analysis of the Ricker sp3wner-recruit relationship for the Upper Yukon River tributary fall chum salmon
stock resulted in an estimate of 140,817 spawners as the MSY escapement level (Table 22). The
spawner-recruit relationship developed estimated that maximum surplus yield from the Upper Yukon
River tributnry stock of chum salmon is 223,442 on average. If the Upper Yukon River tributary stock of
fall chum salmon were managed at [he indicated MSYescapement level of 140.817 spawners per year, a
fishery yield of223.442 fish is estimated to be provided, on average, indefinitely. The exploitation rate in
this case would be 61.3%.

The menn bootstrap estimate of MSY escapement for the Upper Yukon River tnbutary stock of fall chum
salmon uSing the Ricker spawner-recruit model IS 141,501 spawners and the coeffiCient ofvanation for
this mean stallstic IS 11,8% (Table 22). The 90% confidence interv31 for the estimated MSY escapement
level for the Upper Yukon River tributary fall chum salmon stock is estimated at 118,601 to 172.409
spawners (Table 22), The bootstrap mean estimate of the MSY escapement level (141,501) is slightly
higher than th"t estimated (140,817) based all. linear regression, indicating a slight positive bias of 0.5%
(Table 22).

Based on the Ricker model fit to the reduced data set. the MSY escapement point value for the Upper
Yukon River tributary fall chum salmon stock is 140,817 spawners. The biological escapement goal for
the Upper Yukon River tnbutary fall chum salmon IS 91,000 to 199,000 total spawners per year. The
BEG is based on the range of c:)capements for which e:<pected yield I~ gre3ter thun 90°;0 of MSY.
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Note that the Upper Yukon River tributary fall chum salmon BEG is in units of reconstructed Upper
Yukon River tributary escapement, whereas, the long term monitoring of Upper Yukon River tributary
escapement is indexed by Chandalar and Sheenjek River sonar counts, and the Fishing Branch River
escapement counts. The biological escapement goals for the Upper Yukon River tributary should be
expressed in units consistent with these long·tcrm escapement indices. BEG's were derived for the
Chandalar, Sheenjek, and Fishing Branch Rivers by partitioning of the Upper Yukon River tributary fall
chum salmon BEG based on the average historical, 1980 - 1999, portion of the Upper Yukon River
tributary reconstructed escapements of 49.0 %, 34.4 %, and 16.5%, respectively.

Based on the Ricker model fit to the reduced data set, the MSY escapement point value for the Chandalar
River fall chum salmon stock is 69,045 spawners which is 49.0 percent of the Upper Yukon River
tributary fail chum MSY escapement point value. The biological escapement goal for the Chandalar
River fall chum salmon is 45,000 to 98,000 total spawners per year.

Based on the Ricker model fit to the reduced data set, the MSY escapement point value for the Sheenjek
River fall chum salmon stock is 48,509 spawners which is 34.4% percent of the Upper Yukon River
tributary fall chum MSY escapement point value. The biological escapement goal for the Sheenjek River
fall chum salmon is 31,000 to 69,000 total spawners per year.

Based on the Ricker model fit to the reduced data set, the MSY escapement point value for the Fishing
Branch River fall chum salmon stock is 23,263 spawners which is 16.5% percent of the Upper Yukon
River tributary fall chum MSY escapement point value. The biological escapement goal for the Fishing
Branch River fall chum salmon is 15,000 to 33,000 total spawners per year.

UPIJCr Yukon River Maillstcm Fall Chum Salmon

Splllvller-Recruit Relationships Based 011 t/le 1974 - 199j Brood Year Dow. Fall chum salmon
escapements in the Upper Yukon River mainstem have been reconstructed annually since 1974. Over the
26-year period of 1974 to 1999, the aggregate fail chum salmon escapements in the Upper Yukon River
mainstem have averaged 73,427 spawning fish while ranging Irom a low of 22.912 spawning lish in 1980
to a high of 260.307 in 1975 (Table 19). Thus contrast in spawning abundance is approximately 11.4­
fold, a high and meaningful level of variation in annual spawning abundance.

With a contrast of spawning escapements of I lA-fold, the Upper Yukon River mainstem fall chum
salmon analysis fits into the high contrast category identified by the CTC (1999) general methods und
thus production-to-spawner levels are imponant in determining if data will be adequate to conduct a
statistical analysis. Twenty-two brood years of recruits are estimated (Table 19) and several of the annual
escapements with higher values have production·to-spawner ratios below one. Thus, the criteria under
lhe high contrast category is met, and there are good technical reasons to believe that stock-recruit
analysis will lead to useable estimates of the escapement level that produces maximum sustained yield
(SMSY)'

The Ricker·typc spawner-recruit relationship fit to the reconstructed Upper Yukon River mainstem fall
chum salmon runs and recruit data was significant (p-value < 0.001) with a corrected R-Square of 0.48
indicating si,!;,,'11ific:lIlt densily dependence (Table 23) and statistical definition of MSY escapement level.
An examination of the residuals In the Ricker-type spawner-recruit relationship indicates a significant
auto-correlation (lag I year auto-correlarion = 0.44, P = 0.021). To correct for the autocorrelation, a
Ricker model with a first order auto-regressive parameter was fit to the data. The aUla-regressive model
gave a significant improvement in fit (p < 0.00l) with corrected R-Square of 0.60 (Figure 15, upper
panel). The residual pattel11s in the estim:lted auto-regressive Ricker spawner-recruit relationship when
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plaited through time and against brood year escapements appear random (upper and lower panels of
Figure 16, respectIvely).

Analysis of the auto-regressive spawner-recruit relationship for the Upper Yukon RIver mainstem fall
chum salmon stock resulted in an estimate of 91 ,852 spawners as the MSY escapement level (Table 23).
The spawner-recruit relationship developed estimated that maximum surplus yield from the Upper Yukon
River mainstem stock of chum salmon is I 16,52 I on average. If the Upper Yukon River tributary stock
of fall chum salmon were managed at the indicated MSY escapement level of91,852 spawners per year, a
fishery yield of 116,521 fish is estimated to be provided, on average, indefinitely. The exploitation rate in
this case would be 55.9 %. The recruits from the two most recent brood years have been lower than
expected (Figure 16).

The mean bootstrap estimate of MSY escapement for the Upper Yukon River mainstem stock of fall
chum salmon is 79,353 spawners and the coefficient of variation for this mean statistic is 14.1% (Table
23). The 90% confidence interval for the estimated MSY escapement level for the Upper Yukon River
mainstem fall chum salmon stock is estimated at 59,968 to lO3,695 spawners (Table 23). The bootstrap
mean estimate of the MSY escnpement level (79,353) is lower than that estimated (91,852) based the
linearized auto-regressive Ricker model fit by maximum likelihood, indicating a negative bias of -15.8%
(Table 23).

Based on the auto-regressive model fit to the full data set, the MSY escapement point value for the Upper
Yukon River mainstem fall chum salmon stock is 91,852 spawners. The biological escapement goal for
the Upper Yukon River mainstem fall chum salmon is 60,000 to 129,000 total spawners per year. The
BEG is based on the range of escapements for which expected yield is greater than 90% of MSY.

Spawller-Recrllil Re/aliotlships Based Oil lite /980 - /995 Brood Year Dala. Over the 20-ycar period of
1980 to 1999, the aggregatc fall chum salmon escapements in the Upper Yukon RIver tributaries havc
averaged 66,912 spawnmg fish while ranging from a low of22,912 spawning fish in 1980 to a high of
158,092 in 1995 (Table 19). Thus contrast in spawning abundance is approximately 6.9-fold, a
meaningful level of variation in annual spawmng abundance.

With a contr:1st of spawning escapements of 6.9 the Upper Yukon River mainstem fall chum salmon
analysis fits into the middle contrast category identified by the ere (1999) general methods and thus
measurement errors and production-to-spawner levels nrc important in detemlining if data will be
adequate to conduct a statistical analysis. Sixteen brood years of recruits are estimated (Table 19) and
several of the annual escapements with higher values have production-lo-spawner r:1tios below one.
Thus, one of the cntena for the mIddle category is met. The other criterion, measurement error, IS a more
difficult problem to evaluate. Although annual spawning escapements have been estimated, vanances
associated with these estimates nrc available for only a portion of the components of the reconstructed
escapement. The escapement assessment methodologIes used for the upper Yukon River mainstem was a
mark-recapture estimates and is rigorous and without bias. The coefficien[S of variation associated With
the annual escapement assessments are likely less than 10%. Thus, measurement errors are mmor and the
second condItiOn listed by the ere (1999) IS met. There are good techmcal reasons to behe\'e that stock­
recruit analySIS Will lead to useable estnnates of the escapement level that produces maximum sustamed
yield (SMSY)'

The Ricker-type spawner-recruit relatIonshIp fit to the reduced Upper Yukon Rl\ter mainstem fall chum
salmon d:l.la set was sigmfic::mt (p-value < 0.001) WIth a corrected R-S4uare of 0.66 indlcatmg slgJllficant
denSity dependence Cfable 23. Figure 15 lower panel) and stntlstical defimtion of the MSY escapement
level. TIle re~idual plots for the Ricker-type spawner-recruit relationship (Figure 17) inutr.:ate no
significant auto-eorrelation. The residual patterns in the estimated spawner-recruit relationship when
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plotted through time and against brood year escapements appear random (upper and lower panels of
Figure 17, respectively).

Analysis of the Ricker spawnerwrecruit relationship for the Upper Yukon River mainstem fall chum
salmon stock resulted in an estimate of 48,770 spawners as the MSY escapement level (Table 23). The
spawner-recruit relo.tionship developed estimated that maximum surplus yield from the Upper Yukon
River mainstem stock of chum salmon is 117,682 on average. If the Upper Yukon River mainstem stock
of fall chum salmon were managed at the indicated MSY escapement level of 48,770 spawners per year, a
fishery yield of 117,682 fish is estimated to be provided, on average, indefinitely. The exploitation rate in
this case would be 70.7%.

The mean bootstrap estimate of MSY escapement for the Upper Yukon River mainstem stock of fall
chum salmon using the Ricker spawner-recruit model IS 49,100 spawners and the coefficient of variation
for this mean statistic is 11.9% (Table 23). The 90% confidence interval for the estimated MSY
escapement level for the Upper Yukon River mainstem fall chum salmon stock is estimated at40,116to
58,751 spawners (Table 23). The boo[strap mean estimate of the MSY escapement level (49, I00) is
slightly higher than that estimated (48,770) based on linear regression, indicating a slighl positive bias of
0.7% (Table 23).

Based on the Ricker model tit to the reduced data set, the MSY escapement point value for the Upper
Yukon River mainstem fall chum salmon stock is 48,770 spawners. The biological escapement goal for
the Upper Yukon River mainstem fall chum salmon is 31,000 to 70, 000 total spawners per year. The
BEG is based on the range of escapements for which expected yield is greater than 90% of MSY.

Discussion

Two alternative methods of estimating biological escapement goals for the various stocks of Yukon River
fall chum salmon have been presented. One method is based on a spawner-recruit analysis of the full data
set, including the estimates of recruits from parent escapement for 1974 to 1995 brood years. The second
method is based on a spawner-recruit analysis of a reduced data set, including estimates of recmits and
parent escapements from the 1980 - 1995 brood years.

The results based on the two methods are strikingly different, with the estimates of BEG based on the
model fit to the reduced data set much lower than those based on the model fit to the full data set. In
addition, the pattern of residuals from the model based on the full data set show extreme auto·correlation,
for the aggregate Yukon River, Upper Yukon River tributary, and the Upper Yukon River mainstem
stock. The estimates of MSY escapement based on the full data set model were biased for the aggregate
Yukon River, Upper Yukon River tributary, and Upper Yukon River mainstcm fall chum salmon stocks,
and estimates were biased 16.4%,2.8%, and 15.8% high, respectively. Correcting for the aUla-correlation
resulted In underlying spawner-recruit relationships with a much lower productivity than the spawner­
recruit relationship estimated from the full data set model (Tables 21, 22 and 23). This lower productivity
of the auto-regressive Ricker model estimated From the full data appears to be inconsistent with that
observed for these stocks (Figure 4 upper panel; Figure 12 upper panel) for most brood years. Estimates
of average yield for regular ranges of escapement level (i.e., a Markov Table) shows that yields observed
for the Upper Yukon River tributary stock. for escapements in the range 150 - 500 thousand were 2-3
times higher (Table 25) than the maximum sustained yield level estimated based on the fu11 data set
model.

Substantial improvements in the assessment of Yukon River fall chum salmon escapements occurred in
1980 with the implementation of the DFO mark-recapture projects at the U.S.lCanauu border, unu in 1995
with implementation of the Chandalar River sonar project and the Upper Tanana River mark-recapture
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proJect. In the reconstructed escapements the proportion of the expanded escapement observed m
escapement enumeration projects for the period 1974 - 1979, 1980 - 1994, and after 1995 was 36%, 41%
:md 100%, respectively. The full data set mcludes the 1974 to 1979 brood years where highest
uncertainty exists In the reconstructed escapement. The differences between the two models were
greatest for the Upper Yukon River tributary and the aggregate Yukon River. In my opinion, the above
mentioned statIstical problems with the full data model and inconsistencies with observed productivity
was due to potential errors in the escapement assessments for brood years before 1980, and particular for
the 1975 brood year.

The stock and recruitment models fit to the reduced data set produced very consistent results among
stocks, with high productivity, very good statistical fit to the data, and very good statistical properties in
residual patterns including a lock of auto-correlation. The escapement levels for all stocks was very high
in 1994 and 1995; however, the production for these brood years was either the lowest or among the
lowest observed in the duta series for oll stocks. A sequential estimation of spowner-recruit model for the
reduced data set, using 1980 - 1993 brood years, 1980 - 1994, etc. would show a reduced MSY
escapement level with the inclusion of the more recent data. The question is whether the reduced
production from the 1994 and 1995 brood years was due to density dependence or to density independent
environmental factors. This question cannot be ascertained from the data. Because of the uncertainty as
10 the cause of the recent poor production and the influence of the recent brood years on the estimated
MSY escapement, there is uncertainty in the estimates of MSY escapement goals based on the models fit
to the reduced data set. In view of this uncertainty, it is recommended that the biological escapement
goals for the Tanana River, Upper Yukon River rnbutary. and Upper Yukon River mamstem stocks be set
based on the Ricker or auto-regressive Ricker fit to the full data set.

As an independent check on the recommended biological escapement goals, tables of average )'Iclds
observed for a range of escapement levels (i.e., Markov Tables) were constructed and presented in Table
24 for the aggregate Yukon River and Tanana River while Table 25 presents the Upper Yukon River
tributary and Upper Yukon River mainstem stocks. With the exception of the Upper Yukon River
mainslem stock, the recommended biological esc:Jpement goals are consistent with the range of
escapements Ihal were observed to produce the highest surplus production. For the Upper Yukon River
mainstem, escapement above 80 thousand, which IS within the recommended BEG for Ihat stock,
produced very poorly (Tobie 25).

There exists significant populations of fall chum salmon in Yukon River tributaries that were not
monitored. The magnitude of the escapement is at least 25,000 fish based on limited monitoring of fall
chum salmon escapement in the Koyukuk and Kontishna Rivers. The effect of this under assessment of
escapement would be to underestimated the esc:Jpement in the reconstructed runs of the Yukon River; and
to overestimate eatch (i.e .. some catch of the unmonitored stocks would be assIgned to the monitored
stocks) in the reconstructed runs of the individual stocks of chum salmon 10 the Yukon River. Because
exploitation rates were 10 the range of 20% - 60%, and the unmomtored escapement is a very small
relative to the monitored escapement of Yukon River fall chum run, the magnitude of over-estimatcd
utlilzatlon in the reconstructed runs for the tnbut41ry stocks is very small. The biologIcal escapement goal
for the aggregate Yukon RIver stock should be set as the sum of the mdlVldual stock biologIcal
escapement goals and thlS sum adjusted upwards by 25,000 to provide a rough correction for unmonilored
escapement. The recommended BEG for the aggregate Yukon River fall chum salmon is 300,000 to
600,000 fish.
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STATUS OF YUKON RIVER FALL CHUM SALMON STOCKS GIVEN THE
RECOMMENDED MSY ESCAPEMENT GOALS

Escapements for various stocks of fall chum salmon within the Yukon River drainage arc generally within
or above Biological Escapement Goals (Table 26).

For the aggregate Yukon River stock, from 1974 to 1999, escapements in 6 of26 years (23.1%) were
below, 13 of 26 years (50%) were within, and 7 of 26 years (26.9%) were above the biological
escapement goal range (Table 26, Figure 18). The 5-year moving average of escapement, which is the
indicator of stock concern as specified in the Sustainable Salmon Fisheries Policy, was within the BEG
range, except for a few years in the late 19705 and mid~1990s when the trend in escapement was above
the BEG range. This indicates the aggregate Yukon River fall chum salmon stock is healthy and
somewhat underutilized in some years.

For the aggregate Tanana River stock, from 1974 to 1999, escapements in 1 of 26 years (3.8%) were
below, 13 of 26 years (50%) were within, and 12 of 26 years (46.2%) were above the biological
escapement goal range (Table 22, Figure 19). The 5-year moving average of the Tanana River
escapement, which is the indicator of stock concern as specified in the Sustainable Salmon Fisheries
Policy, and was within the BEG range except for a few years in the late 1970s and mid-1980s to mid­
1990s when the trend in escapement was above the BEG range. This indicates the Tanana River fall
chum salmon stock as a whole is healthy and somewhat underutilized in some years.

For the Toklat River stock within the Tanana River drainage, escapement in 6 of26 years (23.1%) was
below the BEG range (Table 26, Figure 19). This occurrence of weak runs in recent years is more
frequent than observed for the Tanana and Delta Rivers. The Toklat River escapement has been below
the BEG range in four years since 1990. The moving avemge of escapement is expected 10 fall below the
BEG range if conditions of low productivity persist and may indicate a management concern for this
stock. However, the trend in escapement for the Toklat River is similar to the Tanana and Delta Rivers
(Figure 19). The indication of management concern for the Toklat River may be an artifact of the method
used to apportion the MSY escapement goal estimated for the Tanana River to the tributary systems
within the Tanana River stock. The MSY escapement goal proposed for the Toklat system is very
sensitive to errors in the average proportion oftne Tanana River run attributed to the Toklat River system.

For the Upper Yukon River tributary stock, from 1974 to 1999, escapements in 7 of26 years (26.9%)
were below. 12 of 26 years (46.2%) were within, and 7 of 26 years (26.9%) were above the biological
escapement goal range (Table 26, Figure 20). The 5-year moving average of the Upper Yukon River
tributary escapement, which is the indicator of stock concern as specified in the Sustainable Salmon
Fisheries Policy, was within the BEG range, except for a few years in the late 1970s and mid-1990s when
the trend in escapement was above the BEG range. This indicates the Upper Yukon River tributary fall
chum salmon stock is healthy and may be underutilized in some years. The escapement for the most
recent two years has been below the BEG range.

For the Upper Yukon River mainstem stock, from 1974 to 1999, escapements in 12 of26 years (46.2%)
were below, 12 of 26 years (46.2%) were within. and 2 of 26 years (7.7%) were above the biological
escapement goal range (Table 26. Figure 20). The 5-year moving average of the Upper Yukon River
mainstem escapement, which is the indicator of stock concern as speci tied in the Sustainable Salmon
Fisheries Policy, was within the BEG range in recent years.
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RECOMMENDATIONS

Biological escapement goals are recommended for the following Yukon River fall chum salmon stocks.

Dn1inage~widc Yukon River fall chum salmon: 300,000 to 600,000 total spawners per year.

Tanana River fall chum salmon: 61,000 to 136,000 total spawners per year, as estimated by the sum
of the Upper Tanana River escapement based on a mark-recapture project and the Toklat
River survey counts.

Delta River fall chum salmon: 6,000 to 13,000 total spawners pcr year.

Toklat River fall chum salmon: 15,000 to 33,000 total spawners per year.

Upper Yukon River Tributary faU chum salmon: 152,000 to 312,000 total spawners per year, as
estimated by the sum of the Chandalar and Sheenjck River sonar counts, and the Fishing
Brauch River weir count.

Chandalar River fall chum salmon: 74,000 to 152,000 total spawners per year.

Sheenjek River fall chum salmon: 50,000 to 104,000 total spawners per year.

Fishing Branch River fall chum salmon: 27,000 to 56,000 total spawners per year. However
U.S.lCanadian Negotiations determine agreed upon levels of passage.

Upper Yukon River Mainstern fall chum salmon: 60,000 to 129,000 total spawners per year.
However V.S. /Canudi:m Negotiations determine agreed upon levels of passage.

It is also recommended that this biological escapement goal analysis be updated in approximately five
years. The principal weakness of the analysis is the incomplete assessment of Yukon River fall chum
salmon escapements prior to 1980. Prior to 1980 there was no assessment of the Upper Yukon River
mainstem escapement, additionally the weir and sonar counts in the Porcupine drainage were not
consistently conducted. Reconstructed runs prior to 1982 were mostly based on expansion of less precise
and accurate foot and aerial survey counts. Thus reconstmcted mns prior to 1982 were likely sensitive to
errors III escapement assessment exacerbated by the incomplete assessment of escapement.

A few more years of spawner-recruit observations under the present stock assessment program of
practically complete escapement enumeration of Yukon River fall chum salmon should clarify the
uncertainty in the causes of the productivity in recent brood years. When more years of dala are
available, it is recommended biological escapement goals be re-evaluated from estimated recmits from
1982 and later brood years.

It is recommended that the existing stock assessment program be continued, advanced and improved
upon. Recommended changes include:
I. Develop a more complete estimate of escapement to Yukon River drainage. I recommend that

assessment programs be developed for the Kantishnarroklat River and Koyukuk River.

2. The Pilot Station sonar esrimate of escapement appears to be conservative and prior to 1995 has
proven unreliable in assessing abundance of fall chum salmon in-season. This project provides
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infomlation that is critical to implementation of effective management. The department should
explore the use of other equipment and techniques to increase the assessmenl accuracy oflhis project.
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Table 1. Historical escapement of fall chum salmon in the Tanana River. Figures In bold italics
were estimated, see text for methods.

Upper Tanana
Year Toklat River Delta River River Tanana River
1974 41,798 5,915 48,177 89,975
1975 92,265 3,734 30,413 121,678
1976 52,891 6,312 51,411 104,302
1977 34,887 16,876 137,454 172,3./1
1978 37,001 11,136 90,702 127,703
1979 158,336 8,355 68,051 226,387
1980 26,346 5,137 41,841 68,187
1981 15,623 23,508 191,471 207,094
1982 3,624 4,235 34,494 38,118
1983 21,869 7.705 62,757 84,626
1984 16,758 12,411 101,087 117,845
1985 22,750 17,276 140,712 163,462
1986 17,976 6,703 54,596 72,572
1987 22,117 21,180 172,510 194,627
1988 13,436 18.024 146,804 160,240
1989 30,421 21,342 173.829 204,250
1990 34.739 8,992 73,239 107,978
1991 13,347 32,905 268,009 281,356
1992 14,070 8,893 72,433 86,503
1993 27,838 19,857 161,734 189,572
1994 76,057 23,777 193,662 269,719
1995 54,513 20,587 268.173 322.686
1996 18,264 19,758 134,563 152,827
1997 14,511 7,705 71.661 86,172
1998 15,605 7,804 62,384 77,989
1999 4,551 16,534 104,869 109,420

Average,
1974-1999 33,907 13,718 113,732 147,640
Average.

1980·1999 23.221 15,217 126,541 149,762

Minimum 3.624 3,734 30,413 38,118

Milximum 158,336 32.905 268,173 322.686
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Table 2. Retrospective perfonnance of estimating Upper Tanana River Escapement based on
expansion of Delta River escapement by 8.13 (= 1/0.123).

Year
1995
1996
1997
1998
1999

Delta as
Delta River Upper Tanana Percent of
Escapement River Escapement Upper Tanana

20,587 268,173 7.7%
19,758 134,563 14.7%
7,705 71,661 10.8%
7,804 62,384 12.5%

16,534 104,869 15.8%

Predicted Upper
Tanana Escapement
Based on Expansion

of Delta River
Escapement

167,680
160,928
62,757
63,563

134,668

Absolute
Percent Error

37.5%
19.6%

12.4%
1.9%

28.4%

Absolute
Error

62,835
31,530
7,798
1,201

38,267

Average 1995 - 1999 12.3%

12

20.0% 28,326



Table 3. Historical escapement of fall chum SJlmon in the Upper Yukon River Tnbutanes.
Figures In bold Italics were estimated, see lext for methods.

Chandalar Sheenjek Fishing Branch Upper Yukon
y"", River River River River Tnbutaries
19":'4 119.685 117,921 32,525 280,13/
1975 50/.01l 227,935 353,2 2 1,081,118
1976 6/,403 34,649 36,584 132,636
1977 /27,8/6 59,878 88,400 176,09J
1978 7/,944 42,661 40,800 155,./05
1979 206,904 120,129 119,898 446,93/
1980 78,707 36.039 55,268 170,01./
1981 137,509 102,137 57,386 197,032
1982 50,809 43,042 15,901 /09,752
1983 79,467 64,989 27,200 /71,656
1984 44,241 36,173 15,150 95,564
1985 203,211 179,727 56,016 438,95./
1986 99,932 84,207 31,723 215.862
1987 17-1.317 153,267 48,956 376.5./0
1988 59,308 45,206 23,597 118,111
1989 121,213 99.116 43.834 166,/73
1990 97,191 77,750 35,000 109.9./1
1991 /07,086 86,496 37,733 231,115
1992 a-,3J3 78,808 22,517 /88,668
1993 61.74./ 42.922 28,707 131,171
1994 /86.031 150.%5 65.247 401,843
1995 280,999 241,855 51,971 574,825
1996 208,170 246,889 77,278 532,337
1997 199,874 80,423 26,959 307,256
1998 75,811 33,058 13,248 122,l17
1999 88,662 14.229 12,904 115,795

Average.
1974-1999 136,246 96.157 54,542 286,944
Average,

1980-1999 122,182 94.845 37,330 254,356

Minimum 44.241 14.229 12,904 95,564
MaXimum 501.011 246,889 353.282 1.082.228
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Table·t Retrospective perfonnance of esttmatlng Upper Yukon River Tnbutary escapement
based on expansion of collective SheenJekIFishmg Branch RIver escapement by 1.86.
The expansion factor estimated by linear regressIOn.

Year
1995

1996

1997
1998
1999

Chandalar
River
280,999

208,170
199,874

75,811

88,662

ShecnJck
River
241,855

246,889

80,423

33,058

!·t229

Fishing
Branch
River
51,971
77,278

26,959

13,248

12,904

Upper Yukon
Tributancs

574,825

532,337
307,256

122,117

115,795

Predicted Upper Yukon Rwer
Tributary Escapement Based on
E.~pansion ofShttnJekIFishins

Branch
River Escapcmc:nl

547,105

603,600
199,946

86,222
50.522

Absolute
Percent Error

5.1%

11.8%
53.7%

41.6%

129.2%

Absolute

E='
27,720

71,263
107,310

35,895

65.273

Average 1995-1999 48.3% 61,492

700,000 ,-------------------------,

~ 600.000
E
~

~ 500,000
w
e:•'5 400.000
~;:;
•'"' 300,000

"c~
:;;l 200,000
>

~
g- 100,000

350,000300,000250,000200,000150,000100,000so,ooo
0'---------_---_-----------1

o
Fishing Branch + Sheenjek Escapement
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Table 5. Historical escapement of fall chum salmon In the Upper Yukon River mainstem.
Figures In bold italics were estmmted, see text for methods.

Upper Yukon
River Upper Yukon River Upper Yukon

Year Tributaries Mainstem River
1974 280,131 67,379 347.51J
1975 1,082.228 260,307 1,342,535
1976 132,636 31,903 /64,539
1977 276,094 66,408 342,503
1978 155,405 37.379 /92,784
1979 446,931 107,500 554,431
1980 170,014 22,912 192,926
1981 297,032 47,066 344,098
1982 109.752 31,958 141,710
1983 171,656 90,875 262,531
1984 95,564 56,633 152,197
1985 438,954 62,010 500,964
1986 215,862 87,940 303.802
1987 376,540 80,776 457,316
1988 128,111 36,786 164,897
1989 266.173 35.750 301,923
1990 209,941 51.735 261,676
1991 231,315 78,461 309,776
1992 188,668 49,082 237,750
1993 133.373 29,743 163,116
1994 401.J!.l3 98,358 500.201
1995 574,825 158,092 732,917
1996 532.337 122.429 654,766
1997 307,256 85,439 392,695
1998 122,117 46,305 168,422
1999 115.795 65.896 181.691

Average,
1974·1999 286,944 73,428 360,372
Average,

1980-1999 254,356 66,912 321,169
Minimum 95,564 22.912 141,710
Ma,,,mrum 1,082.228 260,307 1,3..n,535
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Table 6. RetrospectIve performance of estimating Total Upper Yukon River Escapement based
on expansion of collective SheenJek and Fishmg Branch Rivers escapement by 2.31.
The expansion factor estimated by linear regression.

PrediclCdU~
Sheen}ck/Fishing Yukon bastd on

Fishing Bnnch Toul UppcT Branch RI\'eI1 expansion of Absolute
ShtmJek River RIver Yukon RI\·tT u Perctntof SIJe.enJtk/Fishml Perctnl

y~ ~t Esnpement Esa-pernent Upper Yukon BnrlCh Ri\"m Emw Absolurt; Error

1980 36,039 55,268 192,926 47.3% 210,907 9.3% 17.981
1981 102.137 57,386 344,098 46.4% 368,477 7.1% 24,379
1982 43,042 15,901 141,710 41.6% 136,151 3.9% 5,560
1983 64.989 27,200 262,531 35.1% 212,944 18.9% 49,587
1984 36.173 15,150 152,197 33.7% 118,549 22.1% 33,647
1985 179,727 56,016 500,964 47.1% 544,535 8.7% 43,571
1986 84,207 31.723 303,802 38.2% 267,783 11.9% 36,019
1987 153.267 48,956 457,316 44.2% 467,109 2.1% 9,793
1988 45,206 23,597 164,897 41.7% 158,926 3.6% 5,972
1989 99,116 43,834 301,923 47.3% 330,196 9.4% 28,272
1990 77,750 35,000 261,676 43.1% 260,438 0.5% 1,238
1991 86,496 37,733 309.776 40.1% 286,953 7.4% 22,823
1992 78,808 22.517 237,750 42.6% 234.047 1.6% 3,702
1993 42,922 28,707 163,116 43.9% 165.454 1.4% 2.337
1994 150.565 65,247 500,201 43.1% 498,497 0.3% 1,i03
1995 241.855 51,971 732,917 40.1% 678,699 7.4% 54,218
1996 246,889 77,278 654,766 49.5% 748,783 14.4% 94.017
1997 80,423 26,959 392,695 27.3% 248,038 36.8% 144,657
1998 33,058 13,248 168.422 27.5% 106,961 36.5% 61,461
1999 14,229 12.904 181,691 14.9% 62.674 65.5% 119.017

Average 1980 - 1999 39.7% 13.4% 37,997

800.000

700,000

;: 600.000
•E
~ 500,000
0•w
5 400,000
•,
>
~ 300,000
~
~

j 200,000

100,000

0

0 50.000 100,000 150.000 200.000 250.000 300.000 350.000

Fishing Branch River + Sheenjek River Escapement

36



Table 7. Fall chum salmon IOlal utilization 10 numbers of fish, Yukon River dramage. District I
- 3.1961 - 1999. Figures in bold text were estimated.a

District 1 District 2 District 3
s,.. Co~ Penonal T,,, s,.. Co~ T," s,.. Co~

y~, SISICTlCe merclal" u~ Fish Toul slstence mercial" Fish Toul sislence mercial Toul

1974 11.022 176,036 187.058 11,893 53,540 65,433 2.376 '" 2.928

1975 II.lIn 158,183 169,205 11,893 51.666 63,559 2.376 5.590 7.966

1976 11.0:22 105,851 116,873 11,893 21.212 33,105 2.376 4,250 6,626

1977 11,022 131.758 142.780 11,893 51,994 63.887 2.376 15,851 18,227

1978 11,022 127,9-17 138.969 11,893 51.646 63.539 Z.J76 11,527 13.903

1979 15.788 109,406 125,194 14,662 94.0·,J2 108,704 2,443 25.955 28,398

1'180 7•.133 106.829 114.262 12..135 83.881 96.316 2,320 13.519 15.839

1981 IS"'" 167,834 183,37.1 11.770 154,883 166.653 3.043 19.043 22.08b

1982 10,016 97.484 107.500 9,511 96.581 106,092 1,659 5,815 7.474

"83 8,238 124,371 D2.609 10,3.11 85.645 95,986 2.863 10.018 12.881

1984 8.885 78.751 87.636 11,.394 70,803 82.197 2.233 6.429 8.662

"83 13.275 129.948 143,223 11,544 40.490 52.034 2.290 5,164 7.454

1986 9.000 59,352 63,352 13,483 51.307 64,790 2,IS5 2.793 4.948

1987 18.467 0 0 18.467 13,454 0 13,454 3.287 0 3.287

1988 5,475 44.890 , 639 51,009 8.600 31.845 16 40,461 1.747 2.090 3.837

1989 4,914 74,235 18 3,641 82.808 10.015 97,558 348 107,921 1,023 15,332 16.355

1990 5.335 25,269 60 2,068 32,732 6,1117 37,077 96 43.360 2.056 3,715 5,771

'991 3.935 59,724 1.455 66,114 5,628 102,628 96 108.352 61S 9,213 9,828

.992 5.216 0 0 5.216 7,.382 0 0 7.382 2,358 0 2,.358

.993 7.770 0 0 7,~70 3,()()..j 0 0 3.Q9-: 1.~9 0 1,4-19

199-1 4,887 0 0 4,887 .1,151 0 0 .1,151 862 0 862
'99' 4.698 79.3-15 1.121 85,16.1 3Jl7 90,831 0 94,1-18 1.672 0 1.672

'906 -1.147 33,629 1.717 39.493 5.287 29.651 0 3.1.938 2.706 0 2.706

.997 3.D2 27,483 867 31.482 -1.680 24,326 0 29.006 787 0 787

.098 3.163 0 0 3.163 4,.182 0 0 4,482 ',56' 0 1,561

.099 6.502 9.987 1.149 17,638 ,,,.. 9,703 " 14,319 'I' 0 'I'
a SubsIstence h;m.'est estlmales not lvaib.ble by district unul 1978. Subsistence harvests 197.. - 1978, were eslimated as the aver3gt::
subsistence hal"o"est. 1979 - 1986 for the respecti\"e districts.

b Includes cJeparlnx:nt leSl fish sales pnor to 1988"
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Table 8. Fall chum salmon total utilization in numbers of fish. Yukon River drainage. District 4
-6,1961-1999,.

District 4 District 5 Dlstnct 6

Year C~, Com- Com-
Sub- mercial Sub- mercial Per- Sub- mcrcl:ll Per-

Sl~lence Com- Related si~tence CO~ Rel:lted ~., sistence CO~ Relaled ~.I Test
mercial • Tobl mercial • U~ TObl mercial • U~ Fish Tot:ll

1914 25.3'2 9.213 • 34.575 95..,411 23.551 • 118.962 31J90 26.884 • 58.274
1975 25.362 13.666 • 39.028 95.,411 27.212 • \22.623 31.390 18,.692 • SO.082
1976 25.362 1.742 • 27.104 95.411 5.387 • 100.798 31.390 17.9J8 • 49,338

1977 25.362 13.91JO • 39.142 95AlI 25.730 • 121.14\ 31.390 18.673 • 50.063
1978 25.362 10.988 1.72\ 38,071 95.·11\ 21,016 5,22' 121,647 31J90 13.259 3,687 "~36
1979 34.697 48,899 3,199 86.795 102.695 47.459 8,097 158.251 44.596 34,185 7,170 85,95\
198. 19.328 27,978 4.347 5\,653 75,861 41,771 '''' 118.237 50,260 19,452 68 69,780
1981 18.661 12.082 l.311 31.055 104,612 86.610 6,955 198.187 23.613 25.989 3,019 52.621
1982 20,152 3,894 \67 24,213 71.786 13,593 42 85.421 18,968 6,820 59' 26,384
1983 32,246 4.482 1,963 38.691 105,103 43,993 • 149,096 29,073 34,089 3.101 66.263
1984 18.937 7.625 2,215 38.777 98.376 24.060 " 122,493 22.670 20,564 36 43,290
1985 22,750 14,452 2.525 49,727 117,125 25.338 • 142,463 36,963 42,352 • 79,3 15

\98' 26.126 2,045 • 28,171 87,729 22.053 395 110,171 24.973 1,892 182 27,047
1987 41.467 • • 4 \,467 141,335 ( • o 15,750 [57,085 124,587 f • • 3,316 127,903
1988 16,958 15.662 1.421 34.041 84.209 16.989 • \,762 101.960 34.597 21.&44 \J106 2.114 27,008 87.369
\98' 24.540 ll,n6 3.407 39,723 112,001 18,215 3,989 "" 137,499 58,65-1 49.090 7,3H \,770 16.984 lJJ,851
\990 19.241 4.989 3.177 27,407 90.513 7,778 1.198 3.723 103.212 <04"68 43.182 7,793 1,393 7,1160 103,996
\99\ 20,875 3.737 2,3S4 26.966 74.002 270355 4,759 106,116 40,469 28.195 16.253 • U85 86.302
1992 21.231 • • 21.232 45.701 • • 45.70\ 25,713 15.i21 3.301 • \,407 46,[42
\993 10,832 • • 10,832 43,764 • • 43.764 9,853 • • 163 • 10,016
\99' 13.325 • • 13,325 66,396 3.630 • 70,026 33.597 \ 4,368 • • 37.966
1995 14,057 2,924 5,807 21,788 57,594 9,778 20,255 87,627 49.168 67.855 6.262 863 0 124,148
1996 16,786 2.918 0 19.704 63.473 11.878 9,980 85,331 36,467 10,266 7,308 356 0 54.397
1997 11,734 2.458 0 14.192 55.258 2,446 \,474 59.l78 19,550 • • 284 • 19.834
\99' 7.898 0 • 7.898 31.393 • 0 3],]93 1.\,370 0 0 , • 14.372
\999 9,174 68\ • 9,855 53,580 0 • 53.580 \5.471 • • 262 • 15.7J3

• SubsIstence harYeSl eslllTllltes not a\';1.llable by dIstrict untIl 1978. SObsISlence: harvests 197.\ - 1978, weTe esum:ucd as the average subsiSlence
han-cst. 1979 - 1986 ror the respccll\'e dlSlnclS

b Includes dep:lftJtYnl test fish sales poor 101988_

, From 1978 lhrough 1988, the commerwt1·related hal"\'esl w:LS SUbtr.lCled rrom the subSistence harvesl In Distncts 4, 5 and 6 bec:luse II ....lIS llSliumed
that this harvesl was Included In lhe reported subSistence han-'esl during thaI hme penod Beginning III 1989, SubslslCllce surveys attempled 10
document subsistence only fishing h;t'\'esti and commercial rclatcd harvests $epal'lllely.

d In Districti 4. 5 and 6. commercial relaled refers to lhe eSlllllllled number of fell1:lles harvesled to prOOuee roe sold

, Includes an esllmated 95.768 fall chum S:llmon 11Ieg:llly sold in Dlstnct 5.

r Includes:ln estimated 119,168 fall chum .salmon illcg;llly sold in District 6.
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TDble 9. Fall chum salmon total utilization in numbers of fish, Alaskan and Canadian Areas of
the Yukon River dramage. 1961-1999.

Alask3 Yukon Area Totals Canadian Area Totals
MamS!eTTl Yukon RJ,"cr

o.
C_ C_

s... C~· mercia! Pmon31 ADF&G Ab· Ab- C_
y~, Sls!~ce mercl:t1 Relata! U~ Test Fish T",,' onj:~m31 oril!inal Do~", merclal Subt.otal Total
1974 177.45.1 289,776 0 467,229 1,000 1.636 466 2,544 4,646 11.646
1975 177.453 275,009 0 452.462 11,000 2.soo 4,600 2.soo 9,600 20.600
1';176 117.45.1 ISQ.390 0 333,843 3.HlO 100 1,000 1,000 2,100 5.200
19-7 177,453 257,986 0 435,439 5,560 [.430 1,499 3,990 6.919 12,479
1178 177.453 236,383 [0,628 424,464 ',000 482 128 3,356 4,566 9,566
1<,179 214.881 359,946 18,466 593,293 11.000 2,000 9,084 22.084 22.084
1980 167,637 293,430 5,020 466.087 ',000 3.218 4,000 9,000 16,218 22,218
1981 177.240 466,451 11,285 654,976 3,000 2,410 1,611 15.260 19,281 22,281
1982 132,092 224.187 80l 357,084 1,000 3,096 683 11,312 15.09\ 16.091
1983 187,8f>.! 302.598 5,064 495,526 2,000 1,200 300 25,990 27,490 29,490
1984 172,495 208,232 2.328 383,055 4,000 1,800 '" 22,932 25,267 29,267
1985 203,947 267,744 2,525 474,216 3,500 1,740 279 35,746 37,765 41,265
1986 163.466 139,442 m 303,485 '51 2>00 m 11,46-1 13,886 14.543
1987 342,597 0 0 19,066 361,663 135 3,622 132 40,591 44,345 44.480
1988 151,5S6 133,320 3,227 3,881 27.663 319.677 1.071 1,882 34' 30,263 32,494 33,565
1989 211.147 266,206 14.749 5,082 20,973 SIS,IS7 2,909 2,462 100 17.549 20.111 23.020
1990 167,900 122,010 12,168 5,176 9.224 316,478 2,410 3.675 0 27,537 31.212 33,622
1991 145,524 230.852 23,366 0 3,936 403,678 1,576 2,438 0 31,4Q.4 33,&42 35.418
1992 107.602 15.72[ DOl 0 1,.lO7 128,031 1,935 ... 0 18,576 18.&80 20,815
1993 76.762 0 0 163 0 76,925 1,668 4,660 0 7,762 12,422 14,090
1994 123.218 3,631 '368 0 0 1JI,217 2.654 5.319 0 30.035 35.354 38.008
199' 13O,S06 2SO,7JJ 32,324 863 1,121 415,5047 5,489 1,099 0 39,012 40,111 4',600
1996 128.S66 88.342 17,288 "6 1,717 236.569 3,025 IJ60 0 20,069 21,329 24.354
1997 95,141 56,713 1,4-4 284 867 1504,479 6.29J 1.218 0 8,068 9.286 15,580
1998 62.867 0 0 2 0 62,869 6,159 1.745 0 0 1.745 7,""

''''' 89,736 20,371 0 262 1.171 111,540 6,000 3,172 0 10,402 13,574 19,57.J
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Table to. Annual age composition estimates of the Yukon RIver fall chum salmon run. 1977­
1999 at the mouth of the Yukon River.

Year
1977 •
1978 •
1979 •
1980 •
1981 b

1982 b

1983 '
1984 c

1985 c

1986 '
1987 '
19 8 c

1989 '
1990 '
1991 '
1992 '
1993 '
1994 d

1995 c

1996 '
1997 '
1998 c

1999 '

Age 3
9.5%

19.9%

7.3%

13.7%

1.8%
7.4%

1.0010
6.7%
1.0°0

1.8%
0.7%

6.9%
0.0%

1.7%
4.0%

0.6%
0.2%
0.4%
0.5%

0.8%
0.7%

0.7%
0.2%

Age 4

5.1%
66.0%

87.8%

78.2%

87.1%
60.0%

88.2%

53.1%
81.0%
57.7%
82.7%
60.1%
83.2%

59.6%

59.9%
37.0%

63.8%
61.7%

69.7%
62.5%
67.4%

67.4%
59.4°0

Age 5

5.3%
13.9%

4.9%

8.2%

11.1%

31.8%
10.4%

40.2%
17.7%

40.1%
15.8%

32.9%
16.6%

37.6%

35.8%
61.5%
34.3%

36.8%
28.5%

33.8%
30.1%
30.5%

38.7°/
0

Age 6

0.1%

0.2%

0.0%

0.0%

0.0%
0.8%
0.5%

0.0%
0.3%

0.4%
0.8%

0.1%
0.2%
1.2%
0.3%

0.9%
1.7%

1.2%
1.4%

2.9%
1.8%
1.3%
1.7%

"Annuli] age compositIon estimates based on District] Conunercial gill net samples (6 " mesh).

bAnJlual agt cumpusiLion estimates based ADF&G test fishery hnrvests from 6" mesh gillnets nt
the Big Eddy nnd Middle Mouth sites. Samples weighted by lest fish CPUE. Commercial
fishery samples used for time periods when test fishery snmples were not available.

cAnnual age composition estimates based ADF&G test fishery harvests from 6" mesh gillnets nt
the Big Eddy and Middle Mouth sites. Samples weighted by test fish CPUE.

"The lower ri\"er test fishery was termin.:Jted early in 1994. Estimates ofage composition based
on extension ofage specific abundances based on age specific run timmg curves estimated from
pnor years.
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Table II. Subsistence and personal use harvest of faJl chum salmon, in District 5 and tributaries
above the Tanana River, 1990 to 1995. Harvests are aggregated into areas, mainstem
Yukon River below Tanana, mainstem Yukon River from Tanana to Porcupine River,
mainstem Yukon River From the Porcupine River to the U.S.lCanada border, and the
ChandalarlPorcupme Rivers.

1990 1991 1992 I"" 1"'4 1995

Village No. PCI. No. PCI. No. Pct. No. Pct. No. Pct. No. Pct.

Tanana 41.145 40,868 19,365 23,103 34.681 14,409

Cornrnerl:lal---related 20,120

Y5 below Rampart 4 \,145 43.7% 40,868 55.2% 19,365 42,4% 23,103 52.8% 34,681 52.2% 34,529 444%

Rampan 10.818 5,801 5,701 3.272 1.007 1,403

Fairbanks 4.174 2,022 20491 930 2.870 2.184
Sub$.. Personal Use

Stevens Village 3,857 20481 150 862 45 3,194

Beaver m 7 '61 692 2.069 1,231

Fort Yukon 5,814 3,734 1,142 1,190 3,414 4,598

Y5 Tanana [0 Pon:uplne 25.420 27.0% 14.045 19.0% 9,845 21.5% 6.946 15.9% 9.405 14.2% 12.610 16,2%

Fort Yukon 5.814 3,734 1,142 1.190 3,414 4.598

Central 165 7J 1110 0 0 0

Circle 6,639 6,340 6,279 '49 4,581 5.102

Eagle 8,027 7,985 5,630 2,070 8,263 13.115

Other 160 1110 0 1.750 0 "'0

Yukon Above Porcupine 20,805 221% 18,232 24.6% 13,151 28.8% 5.359 12.2% 16.258 24.5% 23,645 30.4°~

Venetie 5.377 758 3,066 7,881 4,302 6.085

Chalkyllsik 1.490 1110 274 475 1,751 '45
Chandalar/Porcupinc 6,867 73% '58 1.2% 3,340 7.3% 8,356 19.1% 6,053 9,1% 6.930 8.9"'.

Total Catch 94.237 74.002 45.701 43.764 66.396 71,714
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Table II. (continued). Subsistence and personal use harvest of fall chum salmon, in Dlstnct 5 and
tributaries above the Tanana River, 1996 to 1999. Harvests are aggregated into areas,
mainstem Yukon River below T:mana, mainstem Yukon River from Tanana to Porcupine
River, mainslem Yukon River from the Porcupine River to the U.SJCanada border. and the
ChandalarlPorcupine Rivers.

1996 1991 1998 1999 1-
1999

Village No. PCI. No. Poe N. Poe No Poe Avtr.lge

Tanana 21,420 25.058 24.956 22,305

Commercial-related 15,463

V5 below Rampan 36,SS3 46.7% 25,058 45.3% 24,956 79.5-/_ 22,305 41.6% 50.'1%

R>mpon '96 ... 100 4,324

Fallbanks 2,n7 "I 96 "I
Subs., Personal Usc

Slevens Village 991 1,585 1,076 20

Beaver , ''3 409 I'
Fort Yukon ~,O72 3.060 1,518 4,851

Y5, Tanana 10 Porcupine 8,695 11.0"'/0 6.025 10.9% 3,199 101% 9,892 18.5% 16.4°•

Fon Yukon .1.,072 3.060 1,518 4.851

Ccnll1l1 132 0 0 0

Circle 5,J08 3,707 J7 2,722

Eagle 14.916 14.488 '" 11,292

Olher '0' "I '0 "
Yukon Above POI'tuplne 24.933 31.6~'. 21,676 39.2% 2,148 6.894 18.930 35,3% 25.6%

V"""" 7.195 I~'" .51 2,011

ChalkyitsIk t.2JO 93. m '"
Chand:r.larlPoreuplllC 8,425 10.7°4 '.500 45% 1.091 3.5% 2,453 46"4 7.6".

Total Catch 78.936 55258 31.393 53.580
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Table 12. Yukon River fall chum salmon tolal utilization aggregated by dislricts and areas within
Dlstnct 5 appropriate for stock specific run reconstruction, 1974-1999.

District 5

"-Below' Tanana to Yukon Above Canadian Total Yukon
Yn' DlSInets 1-4 Diiuiet 6 Tanana POKupme~ TribuUlncs' Portuplne· Malnstem Ri\'erCau:1l

1974 289.993 58,274 59,946 19.548 16,057 30,410 4,646 478,875
1975 279,757 50,082 61,791 20,150 20,336 31,346 9,600 473.062
1976 183,707 49.338 50,793 16,564 10.774 25,767 2,100 339.043
1977 264,235 50,063 61,044 19,907 14,783 30,967 6,919 447,918
1978 254,481 48,336 61.299 19,990 14,261 31,097 4,566 434,030
1979 349,091 85.951 79,745 26,005 12,048 40,454 22,084 615,377
1980 278,070 69.780 59.581 19,429 15.002 30.225 16,218 488,305
1981 404,168 52,621 99,869 32.567 18,0 9 50,663 19,281 677,257
1982 2~5,279 26,384 43,045 14,037 7,503 21,836 15,091 373,175
1983 280.167 66.263 75,131 24,500 13,351 38,113 27,490 525,016
1984 217.272 43,290 61,726 20.129 13,326 31,313 25,267 412.322
1985 252,438 79,315 71,789 23,410 14.346 36,418 37,765 515,481
1986 166.261 27,047 55,519 18,105 9,045 28,165 13,886 318,028
1987 76,675 127,903 79,157 25,813 12,094 40,156 44,345 406,143
1988 129,348 87,369 51,883 16,919 8,910 26,320 32,494 353,242
1989 246,807 133,851 69,287 22.595 13,377 35,149 20,111 541,177
1990 109,270 103,996 52,010 16,960 10.268 26,384 31,212 350,100
1991 211,260 86,302 53,473 17,438 9,655 27,126 33,842 439,096
1992 36,188 46,142 19,954 12,328 5.265 10,090 18,880 148,846
1993 23,145 10.016 24.169 8.306 2,175 10,782 12,422 91.015
1994 23,225 37,966 29,672 15,085 7,772 20,151 35,354 169,225
1995 203,772 124,148 46,258 13.908 22.220 10,730 40,111 461,147
1996 96.841 54,397 44.571 12,087 10,804 20,894 21,329 260,923
1997 75,467 19,834 26,293 9,602 1LS71 18,005 9,286 170,059
1998 17,104 14,372 14.668 3,458 9,510 9,916 1,745 70,773
1999 42,227 15,733 24,297 5.842 8,424 21,017 13,574 131.114

'Oistnc! 5 Illnest below Tanana. 1914·1989. b:lsed 01\ tile a\'er.lge proportion of District 5 subsistence eatell from Tanana Village.
(a\er.lgl:'I__I_ - 0_5Q.l)_

ThSlnCt 5 ham:St Tanana to Pon:upme, 1974·1989, based on the av'Crage proportion of subsIStence !I:m;esl In that:ll'C:t (a\-engel_IM-
0104).

'D!stnet 5 han~t In Upptt Yukon lrtbuUlnes, 197~·1989. ~ on tile I\''Cf'IgC' propoft1Oll of Drsl11et 5 subsIstence hancsl m that aTCI

(a\tt:lge,_._. 007b). Also ,ncluJc:s CanadIan han'cst In Pon:upine R.I'er

'"DrSlnet 5 Iwvc:st alxn-e the Pon:upme Ri\"er, 1974-1989. based on the I\-engc proportion ofD1suiet 5 subsislC1'll:'C han-esl In th.atllTCl
(a\enge,_._ - 0256),
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Table 13. Reconstructed Yukon fall chum salmon run by stock at the mouth of the Porcupine
River, 1974·1999.

In-nver Run at the Mouth of the
Porcupine River

Year

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Stock Composition of the in-river
Yukon Run al the Mouth of the

PorcuplOe River
Upper Yukon Upper Yukon
Tributaries Mainstem

74.3% 25.7%
78.5% 21.5%
70.6% 29.4%
73.6% 26.4%
69.9010 30.1%
73.0% 27.()01o
72.7% 27.3%
72.9% 27.1%
63.0% 37.0%
54.2% 45.8%
49.0% 51.0%
76.9% 23.1%
63.4% 36.6%
70.2% 29.8%
58.9% 41.1%
75.4% 24.6%
66.8% 33.2%
63.3% 36.7%
71.3% 28.7%
71.9% 2 .1%
72.7% 27.3%
74.1% 25.9%
76.7% 23.3%
73.9% 26.1%
69.4% 30.6%
55.3% 44.7%

Upper Yukon
Tributaries

296,188
1,102,564

143.410
290, 77
169,666
458,979
185,016
315.121
117.255
185,007
108,889
453,301
224,907
388,634
137,021

279,551
220,209
240,970
193,933
135.549
409,615
597,045
543.141
318.827
131,627
124,219

Upper Yukon
Mainstem

102,436
301,253

59,770
104,295
73,042

170,037
69,355

117,010
68.885

156,478
113,213
136,193
129,991
165,277

95,600
91,010

109.331
139.429
78,052
52,947

153,863
208.933
164,652
112,730
57,966

100.487

Total Run

398,624
1,403,817

203,180
395,172
242,708
629,017
254,371
432,131
186,141
341,486
222,102
589,493
354,898
553,911
232.621

370,561
329,540
380,399
271,984
188,496
563,477
805.978
707,793
431,557
189,593
224,706



Table 14. Reconstructed Yukon fall chum salmon run by stock at the mouth of the Tanana River,
1974-1999.

SllXk C~ition of In-ti\et Run:u Y5 Uulintion, Tanana RiVl:\'"
the Mouth oCtile Tanana Rivet In·rivet Run lIthe Mouth of tile Tanana Ri,·et to Porcupme Rj\'er

Uppcr
Ye;lr Tanana Yukon Upper Yukon Tanana Upper Yukon Upper Yukon Upper Yukon Upper Yukon

River Tnbut:lnes MlllnSt~m River Tnbut:lries Mainstcm Total Run Tributaries Mainstem
1974 26.2% 54.9% 19.0% 148,249 310,713 107,459 566,421 14,525 5,023
1975 10.8% 70.0% 19.1% 172,760 1,118,390 305,577 1,596,726 15,826 4,324
1976 4t.l% 41.5% 17.3% 153,639 155,101 64.642 373,383 11.691 4,873
1977 34.9% 47.9%1 17.2% 222,403 305,530 109,548 637,482 14,653 5.254
1978 40.1% 41.9"/0 18.0C!{, 176.039 183,640 79,058 438,736 13,974 6,016
1979 32.3% 49.4% 18.3% 312.338 477,954 177,067 967,359 18,975 7.030
1980 33.5% 48.4% 18.1% 137,967 199,148 74,652 411,767 14,132 5,297
1981 35.9% ~6.8% 17.4% 259,715 338,870 125,828 724,413 23,749 8,818
1982 24,4% 47.6% 28.~o 64,502 126,098 74,00 264,679 8,842 5.195
1983 29.2% 38.4% 32.4% 150,889 198,281 167,705 516,875 13,274 11,227
1984 39.9% 29.4% 30.6% 161,135 118.758 123,473 403,366 9,868 10,260
1985 28.4% 55.1% 16.5% 242,777 471.302 141,601 855,681 18,002 5.409
1986 21.1% 50.00/0 28.9°'0 99,619 236,381 136,622 472,621 11,474 6,631
1987 35.7% 45.1% 19.2% 322,530 406,745 172,979 902,254 18,111 7,702
1988 49.8% 29.6% 20.6% 247,609 146,987 102,553 497,149 9,966 6,953
1989 46.2% 40.6% 13.2% 338,101 296.596 96.559 731,256 17,045 5,549
1990 38.0% 41.5% 20.6% 211,974 231,542 114,958 558,475 11,333 5,627
1991 48.0% 32.9%, 19.0% 367,658 252,016 145,821 765,495 11,046 6.391
1992 31.8% 48.6% 19.6% 132,645 202,723 81,589 416,957 8.790 3,538
1993 50,4% 35.7% 13.9% 199,588 1~1,522 55,280 396,390 5,973 2.333
1994 34.7% ~7.S% 17.8% 307,685 420,581 157,982 886.2~8 10,966 ~,119

1995 35.3% ~7.9% 16.8% 446.834 607,347 212.538 1,266,720 10.302 3,605
1996 22.4% 59.6°'0 18.1% 207,2H 552,416 167,464 927,104 9,275 2.812
1997 19.4% 59.6% 21.1% 106,006 325,921 115,239 547,166 7.09~ 2.508
1998 32,4°0 47.0% 20.7% 92.361 134.027 59,023 285,412 2,401 1.057
1999 35.2% 35.8% 29.0% 125.153 127,448 103.100 355.701 3,229 2.612



Table 15. Reconstructed Yukon River fall chum salmon run by stock In at the mouth of the
Yukon River. 1974-1999.

TOtal Utilization in DistnelS VI·V~ and Ponion
Vilkon RI\u Run orvs BeIo.... !he Tanma RJ\u

y= Upper Yukon Upper Yukon UpperYllkon lippcfYukon TouJ
T:JlUlna Rl\et TributanCi Mainstern Total Run Tanana Rhu Tnbutann MalllSlem Ulilization

1974 239.838 502.674 113.848 916.361 91.589 191.961 66.389 349.940
1975 209,714 1,357,620 370,941 1,938,275 36,954 239,230 65,365 341,548
1976 250,132 252,512 105,240 607,883 96,492 97,410 40,598 234,501
1977 335.886 461,429 165,446 962,761 113,483 155,899 55,898 325,280
1978 302,742 315,815 135,959 754,517 126,704 132.175 56,902 315,781
1979 450,799 689,834 255,562 1,396,195 138,461 211,880 78,495 428,836
1980 251,100 362,450 135,868 749.418 113,133 163,302 61,215 337,651
1981 440,422 574,651 213,377 1,228,450 180,706 235,781 87,549 504,037
1982 134,766 263,460 154,777 553,003 70,264 131,362 80,697 288,324
1983 254,609 334,579 282,985 872,173 103,720 136,298 115,280 355,298
1984 272,588 200,900 208,876 682,363 111,453 82,142 85,403 278,998
1985 334,768 649,884 195,256 1,179,907 91,991 178,582 53,654 324,227
1986 146,365 347,304 200,733 694,402 46,747 110,923 64,111 221,780
1987 378,235 476,996 202,855 1,058,086 55,705 70,251 29,876 155,832
1988 337,873 200,570 139,937 678,380 90,264 53,583 37,385 181,23 I
1989 -484,250 424,803 138,298 1,D-I7,351 1-46,148 128,207 -41,739 316,09-4
1990 273,190 298,408 148,156 719,754 61,215 66,866 33,198 161,280
1991 -494,806 339,171 196.251 1,030,228 127,148 87,155 50,430 26-1.733
1992 150,505 230,019 92.575 473,099 17,860 27,296 10,986 56,142
1993 223,411 158,414 61,878 443,704 23,823 16.892 6.598 47.314
1994 326,050 445,684 167,411 939,145 18,365 25,103 9,429 52.897
1995 535,032 727,228 254,490 1,516,750 88,198 119,881 41.952 250,030
1996 238.832 636,677 193,007 1,068,516 31,608 84,261 25,543 141,412
1997 125,721 386,535 136,670 648.926 19,715 60,614 21,432 101,760
1998 102,643 148,948 65.594 317,184 10,282 14,920 6,571 31,772
1999 148.559 IS 1,284 122.382 422,225 23,406 23,836 19,282 66,524
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Table 16. TOlal run by age, (1974-1999) and total recruits by age, (1974-1995 brood years) for
aggregate Yukon River fall chum salmon. Recruits estimated for incomplete broods,
(1994-1995 brood years).

Rerum by Age

Year Catch Escapement Age 3 Age 4 Age 5 Age 6 Total Run

1974 478.875 437.486 916.361

1975 473.062 1.465.113 1.938,275

1976 339.043 268,841 607.883

1977 447.918 514,844 91.751 818.829 51.123 1.059 962,761

1978 4.34.030 320.487 150,451 497.755 105.ISO 1,132 754,517

1979 615,.377 780,818 102.002 1,225,440 68.693 0 1,396.195

19.. 488J05 261,113 102..370 585.820 6lJ27 0 749,418

1981 677,257 551.19.3 22.112 1,069,857 136..358 123 1.228,450

1982 373,175 179,828 41.088 332,023 175,578 4,.313 553,003

1983 525.016 347.157 8..373 769.082 90,532 4.186 872,173

19" 412..322 270,0.1.\ 45.855 362.199 274..310 0 682..363

19" Sl5.481 664.426 11..327 955,125 208.962 3.JJ9.' 1.179,907

1936 318.028 .376..374 12,569 400..323 278..386 3.125 @.lA02

1987 406,143 651.943 ''''9 875,.354 166.754 8,888 1.05s.o86

1988 353,242 325.138 46,605 407,774 223..323 67. 678..380
1989 S41.177 506.17.1 0 871.501 173,546 23<>1 1.047..351

I"'" 350.100 369.654 \2..380 428.614 270.268 8,493 719.754

1991 439.096 591.132 .11.003 617,.519 368,513 3,194 \,030.228

1992 148.846 324.153 2,74-1 175,236 290.766 4..353 473.099
1993 91.015 352.689 710 282.905 152.368 7,720 .143,7OJ

199-1 169,225 769,920 3.663 579,452 345.136 10.894 939.145

199' 461,147 1.055,603 6.977 1.057,175 431.667 20,931 [,.516,750

1996 260,923 807,593 8.548 667,823 360.838 31.308 1.068,516

1997 170,059 478,867 4,218 4.37,376 195.457 11.875 648,926

199. 70.773 246.411 2,252 213,909 96.836 4.187 317.184

1999 ])1.114 291.lll ..2 250,844 163.232 7,347 422,225

Return by Age Total
Brood Year Escapement Age 3 Age4 Age5 Age6 Return
1974 437,480 91,751 497.755 68,69.3 0 658.199

1975 1,465,213 150.45 I 1.225,440 61,227 123 1.437.241

1976 268,841 102,062 585,820 \36.358 4.3IJ 828.553

1977 51.1,844 102.370 1,069.857 175,578 4,186 1..351.992

1978 320.487 22.112 ))2.023 90,532 0 444,667

1979 780,818 41.088 769,082 274,310 3.894 1.088.374

'9" 261.113 8.373 362.199 208.962 3.125 58U58

1981 551.193 45.855 955.725 278.386 8.888 1.288,853

1982 179,828 11.327 400,323 166,754 67' 579,082

1983 347,157 12.569 875,354 223,323 2.3OJ 1.113.550

1984 270.().41 7.089 407,774 173,546 8,493 596.902

1985 664,426 46,605 871.501 270.268 3,194 1,191,567

1986 376.374 0 428.614 368,513 4..353 801,479

1987 651.9.13 12.380 617.519 290.766 ~,720 928.385

1988 )25.138 41,003 175,2~6 152.368 10.R<)4 379.501

19.. 5Ofl.174 2.74-1 282,905 145.136 20,931 651.716

I"'" 369.654 710 57<),452 431.667 31J08 I.OJ3.137

1991 59UJ2 3,663 1.057,175 360.838 11.875 1,433.551

1992 ~N.253 6.977 667,823 195,457 4,187 8"'4.443

1993 352,689 " .. 437..376 %,836 i.J47 550,107
I.... 769.920 4.218 2lJ,9OQ 163.232 3..374 384.733

199' 1.0~5.603 2.152 250.844 9·4.140 )47.236

47



Table 17. Total run by age, (1974 - 1999) and totll recruits by age, (1974 - 1995 brood years) for

Tanana River chum salmon. Recruits estimated for incomplele broods, (1994-1995
brood years).

Run by Age

Year Catch Escapement Age 3 Age -t Age 5 Age6 Total

1974 149.863 89,975 239,838
1975 87,036 122,678 209,714
1976 145,830 104,302 250,132
1977 163,545 172,341 32.010 285,611 11,836 369 335,886
1978 175,039 127.703 60,.367 199.719 42,202 45' 302,742
1979 224.~12 226,387 32.953 395.666 22.179 0 450.799
1980 182.913 68,181 34,300 196,285 ZO,515 0 251.100
1981 233,.327 207,09J 7.928 383,563 48.881 44 440.422
1982 96,648 3&,118 10.013 110,913 42,788 1.051 134.766
1983 169.983 84.626 2.444 224,51 4 26,428 1,222 254,609
1984 154.743 117.845 18,.318 144.690 109.580 0 272.588
1985 171,.306 163.462 3,214 271,162 59,287 1,105 334,768
1986 73.794 72.572 2,649 84,380 58.678 659 146,365
1987 183.608 194.627 2.534 312.914 59,610 3,177 378.235
1988 177.633 160.240 23,212 203.096 111,228 338 337.875
1989 279,999 204,250 0 402.944 80.240 1,065 484.250
1990 165,211 107.978 4.699 162.684 102,583 3.224 273.190
1991 213,4.50 281J56 19.693 296.587 176,992 1.534 494,806
1992 64.002 86.503 873 55,747 92,500 1,385 150,505
1993 ]3.839 189,572 357 142.447 76,719 3,887 223.411

I"" 56,331 269,719 1,272 201,173 119.823 3,782 326.050
1995 212,.346 322.686 2.461 ]72,917 152,270 7,38] 535.032
1996 86,01\5 152.827 1.911 149.2iO 80.654 6.998 238.832
1997 39.549 86.172 817 84.736 37,867 2.J01 125.721
1998 24,654 77.989 729 69,222 31,337 1,J55 102.60
1999 39,139 109,420 282 88,259 57.433 2,585 148,559

Return by Age TOlal

Year Escapement A~e3 Age4 Age 5 Age 6 Return

1974 89,975 32.010 199.719 22,179 0 253.908
1975 122,678 60.367 J95,66<i 20,515 44 476,592

1976 104,302 32,953 196,285 48,881 1.051 279,176

1977 172.341 34.300 383,563 42.788 1,222 461,874

1978 127.703 1.928 80.913 26.428 0 115,269
1979 226,387 10,Oll 224,514 109,580 1,I05 345.212

1980 68.187 2..... 144.690 59,287 659 207.080

1981 207.09' 18,3[8 271,162 58,678 3,177 351.)35

1982 38.1 t8 3.21J 84,.380 59,610 J38 147,541

1983 S-l.626 2.649 312.914 111,228 l.Ob5 421,857

1984 117,,8.45 2.534 203.096 80.140 3.224 289.09J
IllS5 163,462 23.212 J02,')J4 102,583 1.534 530.173

11186 72,512 0 162.684 176,992 1.385 341.061

1987 194.627 4.699 296,587 92.500 3.887 391.674

1988 160.240 19,693 55,747 76.719 3.782 155.942

1989 204,250 87) 142.447 119.823 7,)83 270,527

1990 107,918 357 201.173 152.270 6,998 360,798

1991 281,356 1,272 372,917 80.654 2,301 457,143

1992 86.503 2.4bl 149.270 37.867 1.355 190.953

1993 189,572 1.911 84.736 31.337 2,585 120.5611

I"" 269.719 m 6<)..222 57.433 1.022 128.495
1.,.,5 322.686 729 88.259 33.1.10 122.197
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Table 18. Total run by age, (1974 - 1999) and total recruits by age, (1974 - 1995 brood years) for
Upper Yukon RJVer tnbutary fall chum salmon. Recruits estimated for incomplete
broods. (1994 - 1995 brood years).

Run by Age
Year Catch Escapement Age 3 Age 4 Age 5 Age6 TOlal
1914 280.131 280.131 502.614
1975 275.391 1.082.l28 1.357.620

'976 119,875 132.636 252.512

1971 185.334 216.094 43.9-4 392.J.45 24.502 "" 461.429
19,. 160,410 155,405 62.913 2()8,34] 44.025 474 315.815,.,. 242.903 446,931 50.427 605,467 3),940 0 689.834

"80 192.436 170.014 49.511 283,327 29.612 0 362,450
1981 277.618 297.032 10.344 500,464 63,186 57 514,651

1982 153,708 109.752 19.575 158.181 83.649 2,055 263.460
1983 162,922 171.656 3.212 295.031 34.729 \,606 334,579

"" 10.5.J36 95.564 IJ,SOO 106.637 80.762 0 200.900
1985 210.929 438,954 6.239 526.4()6 115,094 2.145 649.884

"" 13 t..u2 215,862 6.286 200.221 139.234 1.563 347J04

'98' IOO,H6 376.54U 3,196 3~.619 75.175 4,007 476,996

19" 12,458 128,11l 13.779 120,563 66.028 201 200,.571
\989 158.630 266.173 0 353,479 1OJ90 '" 424,803

'990 88.467 209.941 5.133 177,102 112.052 3.521 298,408

'99' 107.856 23lJI5 13,4<)9 203,299 121,322 1.0~1 339.171

'99' 4U51 188,668 1.334 85,199 141.J()9 2,116 210.019

'99' 25,040 133.373 15J 101,005 54,399 2.756 158,414
1994 43.841 401,843 l,738 274,987 163.789 5,170 445,684

1995 152,403 574,825 3,345 506,87~ 206.969 10,036 727,228

'996 I04J40 532.337 5,093 397.923 215.Q06 18,655 636,671

'99' 19,219 307.256 2,.512 260,525 116,424 7,074 386,535

'99' 26,831 122.111 1.058 100,450 45,47'; '.9<>6 148.948

'999 35.489 115.795 281 89,878 58,.:186 2.632 151,284

Return by Age Total
B",od Escapement Age 3 Age 4 Age S Age 6 Return
Year
1974 280,1J1 43.974 208.343 33,940 0 286,257

1975 1,082,228 62.973 605,467 29.612 57 698.lll

1976 132,636 50,427 283,327 63.786 2,055 39'),595

1977 276.09J 49,511 500.464 83.649 1.606 635.229

1978 155,405 JOJ-w 158,181 34.729 0 203,254

1979 4.:16.931 19.575 295.031 80,762 2.145 397,5IJ

1980 170,014 3.212 106.631 115,094 1.563 226.507

'98' 297.032 13.SOO 516A06 139.23..1 4.007 683.147

'982 109,752 6.239 100,221 75,175 201 :81.835

'98' 171,656 6.286 394,619 66,028 9JS 467.868

'98' 95.564 3.196 120,563 iO.390 3,521 197.670

1985 438.954 IJ,719 353,479 112,052 1.051 480.362

19M 215.R62 0 177,702 121,:\22 2.116 30\,140

1987 376.540 5.133 203,299 14J,369 2,756 352,558

198' 128.111 IJ,499 85.199 54,399 5,170 158,267

'98' 266.173 1,334 101.005 163,789 10,036 276.163

'990 209,941 2S) 274.987 206.969 18,655 500$6->,.., .BU15 1.738 506.878 215.006 7.074 130,695

19Q2 188.668 3,345 397.923 IIbA24 ,.... 519.b59

19" IJ3,J7J 5,093 200.525 .:I~,474 2.()32 3IJ,724

1994 401,&43 2,512 100,450 58,486 1.S61 163,011"., 574,825 1.058 89,878 34.876 125.811
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Table 19. Total run by age, (1974 - 1999) and total recruits by age. (1974 - 1995 brood years) for
Upper Yukon River mainstem fall chum salmon. Recruits eSlimated for Incomplete
broods, (1994 - 1995 brood years).

Run by Age

Year Calch Escapement Age 3 Age 4 Age 5 Age 6 Total
1974 106,469 67,379 173,848

1975 110,635 2600307 37D.9.11

1976 730338 31.903 105,240

IOn 99,038 66,408 15,767 140,712 8,785 182 165.446

1978 98,580 370379 27,110 8Ui92 18.953 ,... 135.959

t979 148.062 107,500 18,682 224.J06 12.57.1 0 255,562

I'" 112.956 22.912 18.560 106,208 11,100 0 135.868

1981 166311 47,066 3,841 185,830 23.685 '1 213,377

1982 122.819 31,958 11,500 92,928 49,142 1,207 154,777

1983 192,110 90,875 2.717 249,536 29,374 1.358 282,985

19\14 152,243 56,633 14.036 110.872 83.968 0 2Q8,876

1985 IJ).246 62.010 1,874 158.157 34.580 .... 195,256

1986 112.793 87,940 3.633 115,722 80,474 90J 200,733

1987 122.079 80,776 10359 167,822 31,970 1,"" 202.855

198. 103,151 36,786 9,614 84,116 46,067 140 139.937

198' 102,S48 35,750 0 115,078 22.916 ,... 138.298

1990 96,421 51,735 2,548 88.227 55.633 1.748 148.IS6

1991 117,790 78,461 7,811 117,633 70,199 .,. 196,251

1992 43,493 49,082 m 34,290 56,897 '" 92,575

1993 32,135 29,743 99 39.454 21,249 1,077 61,878

199.\ 69.os3 98,358 OSJ 103,293 61.524 1.942 167,411

'99' 96398 158.092 \,171 177380 72.428 3.512 254,490

1996 70,578 122,429 1.5J4 120,629 65.178 5,655 193,007

1997 51.231 85.439 88. 92.116 41.165 '-"'1 136,670

1998 19.289 46.305 .... 44.236 20.026 ... 65.;9-1

1999 56,486 65,896 233 72,707 47.313 2,129 122382

Return by Age Total
Year Escapement Ae:e 3 Age4 Age 5 Al!e 6 Return. •
1974 670379 15,767 89,692 12,574 0 118.033

1975 260..307 27,110 224,306 11.100 21 262,539

1976 31,903 18,682 106.208 B,b85 1.207 149,782

1977 66.408 18.560 185,830 49,142 U58 254,890

1978 37.379 3.841 92,928 29.374 0 126,143

1979 107,500 11,500 249,536 83,968 .... 345,649

19SO 22.912 2,717 110,872 34.580 90' 149,071

1981 47.066 14,036 158.157 80,474 1,7().l 254.371

1982 31.958 1.87' 115.722 31.'nO 140 149.707

198' 90.875 3,633 167.822 46.063 J'" 217,822

19\14 56,633 1,359 84,108 22,916 1,748 110,1.32

198' 62,010 9,613 115,078 55,633 ." ISO,932

1986 87,940 0 88,227 70,199 '52 159,278

1987 80,776 2,548 117,633 56,897 1.077 118,154
1988 36,786 7,811 34.290 2l.249 1.942 65.291
1989 35.750 117 39.45J 61.524 3.512 105,026

1990 51.735 99 103.293 72,428 5.655 1810475
1991 73,401 OSJ 1770380 05.173 2,501 245.712

1992 49.082 1.171 120,629 41,165 ,.. 163.331

'99J .!9.743 I.'" 91.116 20.026 2.129 115.815

I~" f18~1~8 88' 4.l.~30 ·n..HJ 88J 93,320

199' 1511.092 ,.. 72,707 27,1~7 lOOJ3U
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Table 20. Stock·rccruitmcn! relationship statistics for Yukon River fall chum salmon for Ricker
model fit to data from 1974 to 1995 brood years. Autoregressive Ricker model fit to
data from 1974 - 1999 brood years, and for Ricker model fit to data from 1980 to 1995
brood years.

Stock-Recmitment Relationship
Statistics

Ricker Alpha
Ricker Beta
Adjusted R-Square
Significance of Relationship
Lag I autocorrelation, Phi
No. of Brood Years
MSY Escapement Goal
Estimated Maximum Yield
Estimated MSY Exploitation Rate
Maximum Recmitment
Spawners at Maximum Recruitment
Equilibrium Stock Size
Lower Escapement that produces
90% ofMSY
Upper Escapement tllat produces
90%ofMSY

Bootstrapped MSY Escapement
Goal Statistics

Ricker fit to data Autoregressive Ricker Ricker fit to data
from 1974-1995 fit to data frOIll 1974- from 1980-1995

brood years 1995 brood Years. brood years

3.6231 2.4108 5.2746
1277E·06 7.836E·07 2.219E·06

0.4049 0.5506 0.5998
0.0009 0.0002 0.0003

0 0.705 0.000
22 22 16

413,346 492,293 287,469
470,209 314,645 513,753

53.2% 39.0% 64.1%
1,044,107 1,131.761 805,500

783,358 1,276,129 450,660
[.008,439 1.122.922 749,405

270,225 327,150 [85,107

578,201 676,950 407,900

Mean
Standard Deviation
Coefficient of Variation
Lower 90% C.l.
Upper 90% c.l.
Indicated Dias
Indicated % Bias

425,900
76,782
18.0%

327,662
557,317

12.554
2.9%
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422,795
80,035
18.9%

335,745
533,105
·69,498
-16.4%

290,599
35,882
12.3%

239,41 [
354,353

3,130
1.1%



Table 21. Stock-recrUitment relationship statlstics for Tanana RIver fall chum salmon for Ricker
model fit to data from 1974 to 1995 brood years and for Ricker model fit to data from
19 0 to 1995 brood years.

Stock-Recruitment Relationship Statistics
Ricker Alpha

Ricker Beta

Adjusted R-Square

Significance of Relationship

Lag 1 autocorrelatiolL Phi

No. of Brood Years
MSY Escapement Goal
Estimated MaXimum Yield

Estimated MSY ExplOItation Rate

Maximum Recruianent
Spawners at Maximum Recnlltmcnt
Equilibrium Stock Size

Lower Escapement that produces 90% ofMSY

Upper Escapement thaI produces 90% ofMSV

Bootstrapped MSY EscOlpcment Goal Stmistics

Mean
Standard Deviation

Coefficient of Variation
Lower 9()l!~o C. I.
Upper 90% C.1.
Indicated Bias

[ndicated % Bms

Ricker fit to data from
1974-1995 brood years

6.5956
7.284E-06

0.5560

4.11421E-05

o
22

95,287

218,649
69.6%

333,094
137,280

258,965
60,846

136,302

96,606
12,002

12.4%
80,745

117,77 1

1,319
1.4%

Ricker fit to data from
1980-1995 brood years

6.2428
7.648E,06

0.6377

0.000126378
o

16

92.571
226,721

71.0%
300,305
130,762

252,031
58,989

131,982

93,462

11,463
12.3%

77,322
113, 65

891

1.0%



Table 22. Stock-recruitment relationship statistics for Upper Yukon River tnbutary fall chum
salmon for Ricker model fit 10 data. from 1974 to 1995 brood years, AutoregressIVe
Ricker model fit to data from 1974 - 1999 brood years. and for Ricker model fit to data
from 1980 to 1995 brood years.

Stock-Recruitment Relallonship
Statistics

Ricker Alpha

Ricker Beta

Adjusted R-Square
Significance of Relationship

Lag 1 autocorrelation, Phi
o. of Brood Years

MSY Escapement Goal
ESlirnated Maxinnun Yield

Estmlated MSY Exploitation Rate
MaXimum Recruitmem

Spawners at Maximum Recruitment
Equilibrium Stock Size

Lower Escapement that produces
90%ofMSY
Upper Escapement that produces
90%ofMSY

Bootslmpped MSY Escapement
Goal Statistics

Mean
Standard Deviation

CoeffiCient of Variation

Lower 90% C.l.

Upper 90010 C. I.
Indicated Bias
Indicated % Bias

Ricker fit to data Autoregressive Ricker Ricker fit to data
from 1974-1995 fit to data from from 1980-1995

brood years 1974-1995 brood years brood years

2.9302 2.1153 4.2696

2.0!7E·06 1.470E·06 4.330E·06

0.3777 0.5130 0.6018

0.0014 0.0004 0.0003
0 0.655 0.000

22 22 16

226,337 228.097 140.817
193,751 116,940 223,442

46.1% 33.9% 61.3%

534.309 529.365 362,789
495,665 680,272 230,972
532,876 509,649 360,334

149,252 152,335 91,044

313.873 311,806 199.053

230,816 221,822 141,::i01

40,066 34,368 16,757
17.4% 15.5% 11.8%

174,845 168.649 118,601

307,493 298.830 172,409

4,479 -6,275 684

1.9% -2.8% 0.5%
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Table 23. Stock-recrtlltment relationship statistics for ppcr Yukon REver mamstem fall chum
salmon for Ricker model fit to data from 1974 to 1995 brood years, Autoregressive
Ricker model fit to data from 1974 - 1999 brood years, and for REcker model fit to data
from 1980 to 1995 brood years.

Stock-Recruitment Rel:ttionshlp
Statistics

Ricker Alpha

Ricker Beta

Adjusled R-Squ:tre

Significance of Relationship

Lag I autocorrelation, Phi

No. of Brood Years

MSY Escapement Goal

Estimated M3Ximum Yield

Estimated MSY Exploitation Rate

MaxImum Recruitment

Spawners at Maximum
Recruitment
Equilibrium Stock Size

Lower Escapement that produces
90%ofMSY
Upper Escapement that produces
90%ofMSY

Bootslf:l.pped MSY Escapement
Goal Statisncs

Mean

Siandard Deviation

Coefficient of Variation

Lower 90"10 C.l.

Upper 900!n C.1.

Indicated Bias

Indicated % Bias

Ricker fit to data Autoregressive Ricker Ricker fit to data
from 1974-1995 fit to data from 1974· from 1980-1995 brood

brood years 1995 brood years ye""
5.0256 3.9511 6.4880

7.889E-06 6.04IE-06 1.445E-05

OA848 0.5981 0.6594

0.0002 0.0001 0.0001

0 0.622 0.000

22 22 16

79,199 91,852 48,770

1lJ,890 116,52 t 117,682

62.8% 55.9010 70.7%

232.825 240,624 165,157

126,758 165,544 69,195

204,657 227,457 133,714

51,095 59,716 31,092

112.178 129.074 69.877

81,663 79,353 49,100

13,419 11,196 5.848

16,4% 14.1% 11.9%

62,493 59,968 40,116

106,458 103,695 58,751

2,465 .12,499 33 I

3.0% -15.8% 0.7%
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Table 24. Tables of Markov transition probabilities for average yields o\'er regular ranges of
spawners. Tables presented for Yukon River and Tanana River fall chum salmon.
based on spawner-recruit data for 1974 - 1995 brood years.

Yukon River Fall Chum Salmon

Spawner Mean Recruits! Mean
Interval Spawners Spawner Yield Range or Yield

0-200 I 179,828 3.22 399,254 399,254
100-300 4 244,956 2.69 401,842 321,545 559,712
200-400 10 321,574 2.25 399,925 54,373 766,390
300-500 II 332,111 2.18 389,842 54,373 766,390
400-600 5 520,166 2.04 556,697 145,543 837,148
500-700 6 579,952 1.98 561,059 145,543 837,148
600-800 4 716,777 1.28 181,488 -385,187 527,140
700-900 2 775.369 0.95 -38,815 -385.187 307.556

800-1000 2 775,369 0.95 -38,815 -385,187 307,556
900-1100 1 1,055,603 0.33 -708.367 -708,367

>1100 1 1,465,213 0.98 -27,972 -27,972

Tanana River Fall Chum Salmon

Spawner Mean Recruits! Mean
Interval N Spawners Spawner Yield Range or Yield
0-50 1 38,118 3.87 109,423 109,423

25-75 3 59,625 3.87 172.269 109,423 268,490
50-100 5 80,372 3.56 203.800 104,450 343,231
75-125 7 101,987 3.21 223.496 104,450 353.914
100-150 6 116,101 2.65 188,085 -12.434 353,914
125-175 4 155,937 1.95 159,903 -12,434 366,811
150-200 5 176,048 1.92 157,218 -69,004 366,811
175-225 4 198,886 1.43 86,140 -69,004 203,047
200-250 3 212,577 1.52 109,781 66,276 144,241

>250 3 291,254 0.83 -55.309 -200.489 175.787

55



Table 25. Tables of Markov transition probabilities for average yields over regular ranges of
spawners. Tables presented for Upper Yukon River tributary and Upper Yukon River
mamstem fall chum salmon, based on spawner·recruit dala for 1974 - 1995 brood
years.

Upper Yukon River Tributary Fall Chum Salmon
Spawner Mean Recruits! Mean
Interval N Spawners Spawner Yield Range of Yield
0-100 1 95,564 2.07 102,107 102,107
50-150 5 119,887 2.25 150,331 30,156 266,959
100-200 8 148,702 2.16 172,637 30,156 330,991
150·250 7 191,837 2.15 229,589 47,850 499,381
200-300 7 253,793 1.94 233,850 6,126 499,381
250-350 4 279,858 1.67 190,341 6,126 386,115
300-400 1 376,540 0.94 -23,982 -23,982
350-450 4 416,067 0.83 -67,706 -238,832 41,407
400-500 3 429,243 0.80 -82,281 -238,832 41,407

>500 2 828,527 0.43 -416,566 -449,014 -384,118

Upper Yukon River M.linstem Fall Chum SHimon
Spawner Mean Recruitsl Mean
Interval N Spawners Spawner Yield Range of Yield
0-20 0
10 - 30 2 26,328 5.20 106,116 86,072 126,159
20 -40 7 32,346 3.98 90,631 28,515 126,159
30 - 50 7 38,559 3.74 106,320 28,515 207,305
40 - 60 4 51,129 3.55 126,323 53,499 207,305
50 - 70 5 60,833 2.79 108,259 50,654 188,481
60 - 80 4 68,565 2.91 131,327 50,654 188,481
70 - 90 3 82,392 2.38 111,989 71,338 167,251

80 - 100 4 89,487 1.84 72.656 -5,038 126,947
>100 3 175,299 1.62 60.873 -57,762 238,149
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Table 26. PortIon of years when annual escapements for fall chum salmon stocks within the
Yukon River were below, wIthm, or above the biological escapement goal ranges
recommended in this report.

Stock Recommended Ye:lrs Whcn Ycars When Years When
Biological Escapement Was Escapeml:nt Escapement

Escapement Goal Below Was Within Was Above
Range Recommended Recommended Recommended

Level Level Level

Tanana River 61,000 to 136.000 1 of26 Years 13 of 26 years 12 of26 years
Tout Spawners 3.8% 50C'/" 46.2%

o since 1990 5 since 1990 5 since 1990

Toklat River 15.000 1033,000 6 of26 Years II of26 Years 9 of26 Years
Total Spawners 23.1% 42.3% 34.6%

-4 since 1990 3 since 1990 3 since 1990
Della River 6.000 to 13.000 4 of26 Years 10 of26 years 12 of 26 years

Total Spawners 15.4% 38.5% 46.2%
o since 1990 4 since 1990 6 since 1990

Upper Yukon 152,000 to 312,000 7 of26 Years 12 of26 years 7 of26 Years

River Tributaries Total Spawners 26.9% 46.2% 26.9%
3 since 1990 4 Since 1990 3 since 1990

Chandalar River 74.000 10 152,000 6 of26 Years 12 of 26 years S of26 Years
Total Spawners 23.1% 46.2% 30.8%

1 since 1990 5 since 1990 -4 since 1990
Shccnjek River 50.000 to 10-4,000 9 of26 Years 90f26)~ 8 of26 Years

TOlal Spawners 34.6% 34.6% 30.8%
3 since 1990 4 since 1990 3 since 1990

Fishmg Branch Z7,OOO 10 56,000 7 of26 Years 12 of26 years 7 of26 Years
RIver Total Spawners 26.9% 46.2% 26.9%

4 since 1990 4 since 1990 2 since 1990

Upper Yukon 60,000 to 129,000 12 of26 Years 12 of26 years 2 of26 Years

River Mainstem Total Spawners 46.2% 46.2% 7.7%
4 since 1990 5 since 1990 I since 1990

Aggregate 300.000 to 600.000 6 or26 Years 13 of 26 years 7 of26 Years

Yukon River Total Spawners 23.1% 50% 26.9"10
2 since 1990 5 SEnce 1990 3 SEnce 1990
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l1.Jkon Rver Fisheries Management Area

-

Figure 1. The Yukon Area showing conununities and fishing distncts. 2000.
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Figure l2.Upper panel is auto-rel,rresslve Ricker stock recruitment relationship for UpperYukon
RIver tributary rnll chum salmon fit to 197~ to 1995 brood years (diamonds are
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Figure 18.Time series of escapement (bars), 5 year moving average of escnpement (solid line
with pomts), upper end or BEG (uppc:r solid line), nnd lower end of BEG (lower solid
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fall .:hum salmon.

75



Tanana River Fall Chum Salmon
0 350

"C
c 300
~
0
~ 250
0

J::
200--

c 150
'"E 100'"a.
~ 50<.>
0
W 0

;::- ,,'" "OJ ~ £' ~ ~ ~ ,f? Pi' ,;r ~ ~

"" "" ""
,!2J ,!2J .;:; .;:; .;:; "" "" ""

.;:;
""

Toklat River Fall Chum Salmon

so

o 100
"C
C
~
o
~

o
J:: 60:.-
~ 40
E
'"a. 20
~

<.>
ow 0

A..
~,

'm \"
~ n~ I, ,

I II II .11 II I II I II 1111 .11 II II n

Delta River Fall Chum Salmon

~ nI ... n
t f[';h. n
t I I III/I I n I I I I1nnI n

Til. n II II I n II 1111 III I III I I ,I1I1I1
10

5

o

-C
'"E
'"a.
~

<.>
o
W

.g: 35 f~ 30
o
~ 25o

J::
:. 20

15

FIgure 19.Tlme <;enes of escapement (bars). 5 year movmg average of escapement (solid [me
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Figure 20.Time series of esc:lpement tbars), 5 year moving average of escapement (solid ll11c
with POints). upper end of BEG (upper solid line), and lower end of BEG (lower sohd
Ime). for Upper Yukon Rl\'Cr tributary fall chum salmon. SheenJek River fall chum
salmon. and Flshmg Branch River fall chum salmon.
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